Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



iL^^ansi 




aiid i." vol (•'• lif rfii'>''-'d frtin; the- 
f.ihr>u-'i /.'" ■/ /.(/ (' ■/ '(>:■. ■.•iOii. ov 



f • 






•/.• 
.•!*l#.'. 



HANDBOOK 



OF 



ELECTRO-THERAPEUTICS 



• • 



DR. WILHELM ERB, 

FBORMOB KM THB UKITUWITT OV UOFSIO 



TBAK8LATED BT 



L. puTZEL, ^^::::"; 



This hoolis the pnyprrt-, - 

COOPER MEDICAL COi-Lt.L.: 

SAN FRANCISCO, CA«-. 



nUBOLOaiR TO BAin>ALL*8 JMULSD BOHMTAI^ AKD PHTU 

IMBBAIIES, BKLLBTI7B OUT-DOOE DSP. 



".SSS.^'W*' 



• ••/ ' / /' 



••.<•!. i 



WITH THIRTY-NINE WOODCUTS 



NEW YORK 

WILLIAM WOOD & COMPANY 

56 & 58 Lafatette Place 

1888 




• _• 



• • • 



• • 






• • * 



OopnuoHT 
WILLIAM WOOD Si COMPANY 
1888 



TROW** 

Punting and Bookbinding Company 

aoi-ax3 East Twelfth Strut 

Nbw Yobc 






TABLE OF CONTENTS. 



FAET I. 
PHYSICAL INTRODUCTION. 

JiBCTURE I. 

The Various Kinds of Currents— Contact Eleotrioity; the Galranio Current— Gal- 
vanic Circuits— Induction Electricity ; the Faradio Current — The Ordinary Ap- 
paratus and Auxiliary Apparatus ; Induction Apparatus and Galvanic Bat- 
teries pp. 1-10 

LECTURE II. 

Acoessory Apparatus; Selector or Element Numerator— Polarity Changer — Galva- 
nometer — Measurement of the Absolute Streng^ of the Current — Rheostat — Con- 
ducting Wires— Electrodes and their Various Forms — Electrical Table — Physical 
and Physiological Recognition of the Poles pp. 11-18 

LECTURE IIL 

Physical Laws of the Diffusion of the Current and their Application in Electro- thera- 
pentics — Obm^s Law — Strength of Current— Resistance of Various Conductors: 
Resistance of the Animal Tissues, especially the Epidermis — Individual Differ- 
ences in Man and their Consequences— Essential and Extra-essential Resistance ; 
Conclusions therefrom Concerning the Construction of Apparatus — Density of the 
Current and its Laws — lYactical Deductions for Various Electro-therapeutical 
Parposes — Electrolytic and Cataphoric Effects pp. 19-32 



PART II. 

PHYSIOLOGICAL INTRODUCTION. 

LECTURE IV. 

Effects of Electrical Currents on the Healthy Living Body— Electro- physiology of 
the Motor Nerves and the Mnscles — Stimulant Action — Pflueger s Law of Con- 
traction — Action of the Poles— Law of Contraction of the Motor Nerves in tho 
Living Body— Polar Method of Examination — Law of Polar Contraction and its 



IV CONTENTS, 

Different Grades — Faradic and Galvanic Reaction of the Mnsdes — Electrotonio 
Phenomena — Electrotonos in the Living Body — Modifying and Exhilarating 
Effects pp. 83-43 

LECTURE V. 

Electro-physiology of the Sensoiy Nerves and Nerves of Special Sense — Sensory 
Nerves of the Skin and their Law of Contraction — Sensoiy Nerves of the Mnscles 
— Optic Nerve and Retina — ^Acoustic Nerve and the Nervous Anditory Apparatus 
— Nerves of Taste— Nerves of Smell pp. 44-49 

LECTURE VI. 

Eleotro-physiology of the Secretory and Vasomotor Nerves — Cervical Sympathetic — 
Effect of Electrical Currents on the Skin — Electro-physiology of the Brain and 
Spinal Cord — Phenomena in Galvanization of the Brain and Spinal Cord in Man — 
Electro-physiology of the Organs of the Thorax and Abdomen — Electix)lytic and 
Cataphoric Effects — Galvanic Introduction of Drugs into the Body — Remakes 
* Catalytic Effeotfr— Indirect Catalyses pp. 50^7 



PART III. 

METHODS OF ELECTRICAL EXAMINATION AND ELEC- 

TRO-DIAGNOSIS. 

LECTX/RE VIL 

The Methods of Electrical Examination — Examination of the Motor Nerves and Mus- 
cles — Polar Method — General Rules — Method of Quantitative Examination of 
Irritability with the Faradic and Galvanic Currents — Method of the Qualitative 
Examination of Irritability — Examination of the Eye — Examination of the Audi- 
tory Apparatus — Galvanic Examination of Taste— Examination of Electro-cutan- 
eous Sensibility— Electro-muscular Sensibility pp. 59-68 

LECTURE Vm 

Pathological Changes of Electrical Irritability and their Diagnostic Significance — A. 
Electro-diagnosis of the Motor Nerves and Muscles— 1. Increase — 2. Diminution 
of Electrical Irritability— 3. Degeueration Reaction— Description of De R— Its 
Course — Increased Mechanical Irritability pp. 69-78 

LECTURE IX. 

8. Degeneration Reaction (continued) — Its Relation to Degenerative Atrophy of the 
Motor Nerves and the Muscles. Their Description — Comparison of their Course 
with that of the De R — Complete and Partial Degeneration Reaction — Occurrence 
of the De R — Diagnostic Conclusions therefrom — Its Prognostic Significance— 
Special and Critical Remarks pp. 79-88 



CONTENTS. 



LECTURE X. 

4. Rarer Quantitative and Qualitative Change of Electrical Irritabilitj: a. Increase 
of Secondary Irritability (Gonvulsible Reaction) — b. Diminution of Secondary 
Irritability (Exhaostion Reaction) — e. Qualitative Changes in the Law of Con- 
traction of Motor Nerves— (/. Different Reaction of the Nerves to the Faradic and 
Galvanic Currents — e. Latent Period of Irritation in Faradic Stimulation of the 
Muscles^/. Diplegic Contractions — B. Electro-diagnonis of the Sensory Nerves — 
Anomalies of Farado-cataneous and Farado-muscolar Sensibility pp. 81f-94 

LECTURE XI. 

C. Electro-diagnosis of the Nerves of Special Sense. 1. Optic Nerve and Retina— 3. 
Acoustic Nerve and Auditory Apparatus — a. Simple Galvanic Hypenesthesia — b. 
Ilyperaesthesia with Change and Reversal of Normal Formula — e. Qualitative 
Anomalies without Hypersesthesia— rl. Torpor — 3. Nerves of Taste— Electro-diag- 
nosis of the Vasomotor Nerves, the Sympathetic, Pneumogastric, Central Ner- 
vous System, etc pp. 95-102 



PAET IV. 

GENERAL ELECTROTHERAPEUTICS. 

LECTURE XU. 

The Therapeutic Value of Electricity— Various Electro- therapeutic Theories — Empi 
rical Standpoint — Available Effects of the Current and the Method Employed — 
Stimulating, Modifying (Refreshing), Catalytic Effects— Empirical Basis of the 
Latter — Direct and Indirect Catalysis — Therapeutic Galvanization of the Cervical 
Sympathetic— Reflex Effects of the Current pp. 108-113 

LECTURE XIII. 

Methods of Therapeutic Applications in Local Diseases — Polar or Direction Method ? 
— Advantages of the Polar Method — Empirical Methods— Influence upon the Gen- 
eral Organism: 1. (General Faradization (according to Beard and Rockwell) ; 3. 
General Galvanization; 3. Central Galvanization (Beard); 4. The Electrical Bath 
— Special Methods of Treatment : 1. Galvanic Treatment of Pressure and Painful 
Points; 3. Treatment with Feeble, Continuous, Galvanic Currents., pp. 118-130 

LECTURE XIV. 

General Principles and Special Technical Recommendations for Electrical Treatment 
— Treatment in Loco Morbi— Technique of the Localization of the Current- 
Local Faradization of the Motor Nerves and the Muscles— Plan of Treatment - 
Personal Acquaintance with the Effects of the Current— Choice of the Strength of 
the Current — Choice and Management of the Electrodes— Avoidance of Unneces- 
sary Irritative EffectH— Duration and Frequency of the Individual Applications — 
Entire Dur^ition of Treatment pp. 131-134 



VI CONTENTS. 

PART V. 
SPECIAL ELECTRO-THEKAPEUTICS. 

iHTBODucnoN pp. 135-136 

I. DISEASES OF THE BRAIN, INCLUDING THE PSYCHOSES. 

LECTURE XV. 

Intiodnctoiy BemarkB — Physiological, Experimental, and Theoretical Basis of Electro- 
therapeutics of the Brain — Therapeutical Facts— Collection of a Series of Indi- 
vidual Observations— Conclusions therefrom — Negative or Partial Curative Effects 
— The Forms of Disease in which Electro-therapeutic Success may, and those in 
which it may not, be expected pp. 137-147 

LECTURE XVL 

Development of Electro-therapeutical Methods — Direct Treatment of the Brain : Cat- 
alytic and Vasomotor Effects and the Methods of Producing them — Stimulating 
and Modifying Effects — Technique of the Application of the Galvanic and Faradic 
Current in Cerebral Diseases — Indirect Treatment of the Brain : Galvanization of 
the Sy|Q)athetio— Reflex Effects from the Skin — Symptomatic Treatment — Elec- 
tro-dmgnosis in Cerebral Diseases — Electro-therapeutics of Individual Forms of 
Disease : Cerebral Neurasthenia ; Insomnia ; HypersBmia ; Anasmia ; Hemor- 
rhage ; Cerebral Softening ; Inflammation ; Degeneration ; Sclerosis, etc. ; Bulbar 
Diseases — Incurable Cerebral Affections. pp. 148-155 

APPENDIX. 

ELEOTRO-THERAPEUTIOS OF THE PSYCHOSES. 

LECTURE XVn. 

Introduction — Investigations of Amdt and their Results— Short R^sum6 of the Litera- 
ture — Available Effects of the Electrical Current — Rules and Methods of Electri- 
cal Treatment of Individual Forms of Psychoses — Treatment of Individual 
Symptoms pp. 156-159 

n. DISEASES OP THE SPINAL CORD. 

LECTURE XVHL 

Introduction— Physiological and Theoretical Basis for the Electro- therapeutics of the 
Spinal Cord — Therapeutical Data ; Selected Cases — Conclusions therefrom — 
Therapeutic Failures — Forms of Spinal Disease in which Electro -therapeutic Suc- 
cess may be expected— Methods and Technique of Electro- therapeutics of the 
Spinal Cord — Direct Treatment : Action of the Poles and the Direction of the 



CONTENTS. 



vn 



Carrent — Hethoda ot AppUoation to CircnmBcribBd and Longitudinal Oiaenaea— 
ludireot Treatment ; From tha Sjmpatbetui ; CombiDed Tieatiueut of tbe Sjm* 
pAlhetic— Beflcz trom tbe Integument — Diplpgio Irrit&tiou— Ttoatment of Pomta 
of Pro»«ure and PointB Douloureni—Sjm(iMnaatio Treatment pp. lQ0~16tl 

LECTURE XK. 

t of Individual Forms ot Spinal Disease — Electro- diognontic PreHmtnary 
Eemsiks — 1. Spinal HeningitiB— 3. Meningeal Apoplexy— 3. Ftinctlunal Diseooes 
ot tbe Cord ; Concuagion, Spinal Irritation, Spitia] Neorutliema — 4. Hemor- 
rhoges into tile Spinal Coid : Severe Traumatio Lesions-J. Hjelitii ; Hnltipla 
SoleruBis— S. Tabes Doiaalis; Direct Galvanic Treatment; Treatment of tbo 
Painful Points; Farad o-cutaneoua Bmah— T. Spaotio Spinal ParaljdB — 8. Acuta 
Anterior PoliomjelitiH ; Electiioal Examination ; Electrical Methods of Treat- 
mnnt — 9. Snbocate and Chronic Antorior PoltomjclitiB — 10, Progressive Mnaoular 
Atropb; ; Condition of tbe Electrical Initabilitj -, " Javenile" Form i Method of 
Trbalmeal; Amyotrophio Lateral Solerotis— 11. Acute Asoending FanUysie— 13. 
Secondary Degeneration. pp. 170-179 



m. DISEASES OF THE PERrPHERAL NERVES. 

LECTURE XX. _ - 

— Arailable Carrent Effects in Diseases of tbe Peripheral Nerm— Pnoti- 
eal Eiperienoe ; Cases— Tech alqno and Methods ot Electrical Treatment^ Indi- 
riditol Forms o( Disease: Neuritis; Hemorrhagss and Cinmlatory Disordeni 
t<light Mechanical and Traumatic Lesions ; Severe Traumatio Lesions ; Degonor- 
ativo Atrophy ot the Nerves; Fnnotional Disorden — Symptomatio Treatment — 
Eleotro-diaguoBtio Remarks. pp. ISO-188 



IV. PARALYSIS AND ATBOPHT. 



LECTURE XXI. 



m and ratbogeneiria oC Paralysis— Objects of Elcctro*tliernpe«tia« in Fanlysla 

htlM Methods ot RRecting them : a. Removal of tbe Caose of Parniyus— A. 

il of Obatructions to Motor Condactjon ; Direct aud Indirect Method ; 

Q ot IleQei Paths; Method ot Applioalion ot the Faradii: and aalvwilo 

CmiMtta tot tbeiie Pnrpones — o. Relief of Finer or Grosser Nutritive Distnrbanow 

In lb* Motor Conducting Patbs—^. Rsstoration ot tbe Xonoal Condition of tha 

Pandysed Mnaolea— Treatment of Huaoular Atraphy— RaaltA of Electro-ther*- 

I In Paialyiia^Electro-diagiioais ot Paralyses— Practical Technioal Ho- 

pp. 187-105 



LECTURE XXII. 

RI««tn>-thAmpeiitiiH ot Imlividnal Forms of Poralysto— I . Paralysis of tbe OouUr 
Mnnolea : PathopouesiB ; Cases; Methods of Treatment; Hemiltit— 3. Paralysis 
of tbe Hnsdcs ot Mastication — 3. Paralysis of tbe Facial Nerve ; Rheumstio 



Vm CONTENTS. 

« 

Form; its Situation and Nature; Condition of Eleotrical Excitability; Pro^ 
nods ; Cases ; Methods of Treatment ; Besalts — Other Forms of Facial Paralysis 
— i. Paralysis of the Spinal Accessory Nenre — 6. Paralysis of the Hypoglossal 
Nerve pp. 196-205 

LBCTUEE XXm. 

Electro-therapeutics of Individual Forms of Paralysis (continued) — 6. Paralyses of 
the Neck and Trunk : Pathogenesis ; Cases ; Methods of Treatment — 7. Paraly- 
ses of the Upper Limbs : Pathogeneas ; Symptomatology ; Electro-diagnosis ; 
Cases ; Methods of Treatment ; Results— 8. Paralyses of the Lower Limbs : 
Pathogenesis and Lidividual Varieties ; Electro-diagnosis ; Cases ; Methods of 
Treatment; Results pp. 2!bo-218 

LECTURE XXIV. , 

Electro-therapeutics of Individual Forms of Paralysis (conclusion) — 9. Paralysis of 
the Velum Palati and Pharynx ; Paralysis of Deglutition : Pathogenesis ; Cases ; 
Methods of Treatment — 10. Paralysis of the Laryngeal Muscles ; Paralysis of the 
Vocal Cords : Character and Methods of Treatment ; Percutaneous and Endo- 
Laryngeal Application ; Results— 11. Paralysis of Respiration ; Artificial Respira- 
tion; Rhythmical Faradization of the Phrenics — 12. Diphtheritic Paralysis: 
Pathogenesis and Symptoms ; Cases ; Electrical Treatment ; Galvanization of the 
Heart; Results — 13. Lead Palsy and other Toxic Paralyses: Characteristics of 
Lead .Hfesy ; Electrical Excitability ; Situation and Character of the Disorder ; 
MethoS of Treatment — 14 Muscular Atrophy and Hypertrophy : Purely Muscu- 
lar Atrophy ; Atrophy in Articular Affections ; Cases ; Treatment ; Muscular 
Hypertrophy ; Congenital Myotonia pp. 219-233 



V. PAIN, NEURALGIA AND NEURALGIFORM AFFECTIONS. 

LECTURE XXV. 

Introduction — Definition and Nature of Pain and Neuralgia — The Neuralgic Change — 
Electro-therapeutic Objects: Removal of the Abnormal Nutritive Conditions in 
the Nerves and of the Causes of the Neuralgic Change ; the Actions of the Cur- 
rent Available for this Purpose ; Cases — Electro-therapeutic Methods ; Causal 
Treatment — Anti-neuralgic Methods : Direct Application of the Galvanic and the 
Faradic Current ; Indirect, Electro-cutaneous Brush ; Galvanic Treatment of 
Painful Points— General Phm of Treatment— Results pp. 234-244 

LECTURE XXVL 

Individual Forms of Neuralgia : 1. Trigeminal Neuralgia ; Practical Remarks Con- 
cerning the Individual Methods of Treatment— 2. Cervico-occipital Neuralgia — 3. 
Headache and Migraine; Various Methods of their Treatment ~4. Cervico-bra- 
chial Neuralgia — 5. Intercostal Neuralgia — 6. Neuralgia of the Lumbar Plexus — 
7. SciaticA ; Various Methods of Galvanic and Faradic Treatment ; Neuralgia of 
the Urinary and Sexual Organs ; Coccygodynia — 8. Neuralgias of the Joints— 9. 
Visceral Neuralgias : Neuralgia of the Pharynx and Larynx ; Angina Pectoris ; 
Gastralg^a ; Enteralgia ; Lead Colic ; Neuralgia in the Distribution of the Pelvic 
Nerves % pp. 245-258 



CONTENTS. 



VL SPASM AND CONTRACTtJRB. 
LECTURE XXVIL 

Introdnotioo : CharaoUi and Pathogeneau of Spasma; the Spnstio Cbnnge — Th* 
ElcclticaJ Irritability— Electro- therapeutic Objects: Relief of tbe Direct Motor 
Irritation ; RemoTal of Befl«i Sdiniili ; Production of Vigoroua Inhibition ; Ckw* 
— Electro-lhernijeulic UetiiodB ; CaoBal Treatment ; Direct Antigpoatic Tteatinent 
■nd iti aiethods ; Oalvanio nnd Paradic ; Oenetal Plan of Treatment ; Remlto— 
Individual Formn of Spoam: Sptuma of the Hniclee of Mastloution ; Hinitc 
Facial Spaam ; Blepharoepaam ; Spasm in the Distribatiou of the Spina] Acixa- 
■oiT and in the Neck ; Spaarn in the Hasolea of the Trunk ; Bespiratorr Spasm, 
Bingnltaa, etc; Spaama in the Upper and Lower Limb* pp. 29fr-37S 



H VII. ANESTHESIA. 

^ LECTURE XXVIU. 

Chanoter and PatbogeDeala of Annathesia -^Electrical Examination — Objects o( Eleo- 
tro-therapeutios ; Caaet — Methods of Electrical Treatment: Caiual Treatment; 
Direct Treatment of Aniesthesis ; Methoda with the Faradio and Galvanic Cor- 
tenta ; Relief of Boccndaiy Trophic Distnrhanoea ; Beaolts — Individual Forma; 
AiUMtheAia of the TriKcmious, the Pharynx and Larynx; Tatomotor Anmathfe- 
■ia ; Hjslerical AnajHthesia ; Atazio Ansatheaia ■ pp. 27^270 



DISEASES OF THE OERVICAL SYMPATHETIC— VASOMOTOR, 
TBOPHIC, AND ALLIED NEUROSEa 

LEOTUHE XXrX. 

ti the Cerrical Symp&thetio ; Oocnrrence and Sjmptoma ; Irritation and 
thoda of Electrical Treatment — Vaaomotor NearoaM — Cntanecua 
— Sj-mptomii of Spum and ParalTRia of the Vasomotor XenruBcn ; 
of Electncnl Treatment — iDtarmittent Dtopsjof the Joints — Vaaomolor 
Trophic Nearosei of thr Integument— Anotnatiea of the Seorelioo of Pcraplm- 
tion— ProgreKFive Facial IIomintrophT ; Protialile Site ; Methods of Eleotriual 
I'reatment — Scleroderma ; Method of Trejitmcnt pp. SI'CMiS? 







GENEILVL NECROSES. -CENTRAL AND OTHER FUNCTIONAlj 
NEUROSES. 



LBCTUBE XXX. 



of the Pnnctional Nenroaea — Electro-lhcrapentio Objaota ; Removal of thr- Lnottl ' 
Natrilive Diiturbanoea ; InflacDce upou the Entire N'urvoiiB Sygtem and the En- 
tire OrgajiiBD;! -. Homoval of r>elinit« Cauaen at DisonsD ; Treatment of luilividaal 
STmpWma— 1 Neoraathenia : Varioiu Forma; Natara of the DiaeH*; Hetliodi 



Vm CONTENTS. 

Form; its Situation and Nature; Condition of Electrical Excitability; Prog^ 
nods ; Cases ; Methods of Treatment ; Besults — Other Forms of Facial Paralysis 
— i. Paralysis of the Spinal Accessory Nerve — 6. Paralysis of the Hypoglossal 
Nerve pp. 196-205 

LECTURE XXm. 

Electro-therapeutics of Individual Forms of Paralysis (continued) — 6. Paralyses of 
the Neck and Trunk : Pathogenesis ; Cases ; Methods of Treatment — 7. Paraly- 
ses of the Upper Limbs : Pathogenesis ; Symptomatology ; Electro-diagnosis ; 
<.'ases; Methods of Treatment; Besults— 8. Paralyses of the Lower Limbs: 
Pathogenesis and Lidividual Varieties ; Electro-diagnosis ; Cases ; Methods of 
Treatment; Besults pp. 2^6-218 

LECTUBE XXIV. , 

Electro-therapeutics of Individual Forms of Paralysis (conclusion) — 9. Paralysis of 
the Velum Palati and Pharynx ; Paralysis of Deglutition : Pathogenesis ; Cases ; 
Methods of Treatment — 10. Paralysis of the Laryngeal Muscles ; Paralysis of the 
Vocal Cords : Character and Methods of Treatment ; Percutaneous and Endo- 
Laryngeal Application; Besults— 11. Paralysis of Respiration; Artificial Respira- 
tion; Rhythmical Faradization of the Phrenics — 12. Diphtheritic Paralysis: 
Pathogenesis and Symptoms ; Cases ; Electrical Treatment ; Galvanization of the 
Heart; Results — 13. Lead Palsy and other Toxic Paralyses: Characteristics of 
Lead ."BMaj ; Electrical Excitability ; Situation and Character of the Disorder ; 
MethoS of Treatment — 14 Muscular Atrophy and Hypertrophy : Purely Muscu- 
lar Atrophy ; Atrophy in Articular Affections ; Cases ; Treatment ; Muscular 
Hypertrophy ; Congenital Myotonia pp. 219-238 



V. PAIN, NEUBALGIA AND NEURALGIFORM AFFECTIONS. 

LECTURE XXV. 

Introduction — Definition and Nature of Pain and Neuralgia — The Neuralgic Change — 
Electro-therapeutic Objects: Removal of the Abnormal Nutritive Conditions in 
the Nerves and of the Causes of the Neuralgic Change ; the Actions of the Cur- 
rent Available for this Purpose ; Cases — Electro-therapeutic Methods ; Causal 
Treatment — Anti-neuralgic Methods : Direct Application of the Galvanic and the 
Faradic Current ; Indirect, Electro-cutaneous Brush ; Galvanic Treatment of 
Painful Points— General Phm of Treatment— Results pp. 234-244 

LECTURE XXVL 

Individual Forms of Neuralgia: 1. Trigeminal Neuralgia; Practical Remarks Con- 
cerning the Individual Methods of Treatment— 2. Cervico- occipital Neuralgia — 3. 
Headache and Migraine; Various Methods of their Treatment— 4. Cervico-bra- 
chial Neuralgia — 5. Intercostal Neuralgia — 6. Neuralgia of the Lumbar Plexus — 
7. Sciatica ; Various Methods of Galvanic and Faradic Treatment ; Neuralgia of 
the Urinary and Sexual Organs ; Coccygodynia — 8. Neuralgias of the Joints — 9. 
Visceral Neuralgias : Neuralgia of the Pharynx and Larynx ; Angina Peotoris ; 
Gastralgia ; Enteralgia ; Lead Colic ; Neuralgia in the Distribution of the Pelvic 
Nerves % pp. 246-258 



CONTENTS. 



VI. SPASM AND CONTRACTURE. 
UIOTUIIE XXVIL 

>diiation : ChAnct«T and PalbogeoavU at Spuma ; the Spnatio Change — Th« 
Electrical I rriCahllity— Electro -thocapcutio Objects : Rclit-f of tbe Direot Motai 
Iiritatioii ! Benioval nt ileflei Stimuli ; Prodqotion of Vigoroiia Inhiljitiou ; Ctifm 
— Kootro-lhornpcutio Metbods ; Carnal Ticatmcnt ; Diracc Antispnatio Treatment 
and itfl Methods ; Gsitvftaio imd Farodio; Oenetal Plan of Treatment; Re»rilt« — 
IndiTidual PomiB of Spasm : Spasms of the Muscles of Msstianlion ; Mimio 
Faoial Spaain ; Blcpbarospajim ; Spasm in the Distribation of the Spiuol Accet- 
toiy and in tbe Neok ; Spasm in the Haseles of tho Trunk ; Respiratorj Hpasm, , 
Singnltns, e(«, ; Spasms in the tipper aud Lower Limbi pp. 3W-21S I 



^^F^tn>-lh< 
Mrof- 

AlUD 

I 



VII- AN.ESTHESIA. 



LECTUKE XXVra. 



and Patbogenesis of Ajueathesia — EHeotrfcal Ezamination — Objects of Blim- 
tiD-lhentpeatica ; Caaes — Methods of Eleotrioal Treatment: Caoial Trcattnenl; 
Direct TreaLmeut of Antcathesia; Helhoda with the Faradie and Oalviuiic Cur- 
rent* i Relii-f uf Secondary Trophic Disturbances; Resnlts — IndividDal forms: 

AiuDstliesia of the TrigeiniuuB, the Pharyni and Larynx ; Tasomotor Anieatbfr- 
HyHtecical Aneettheaia : Ataxic AniEslhesia, .. . -pp. 37;)-3T0 



DISEASES OF THE CERVICAL SYMPATHETIC— VASOMOTOR, 
TROPHia AND ALLIED NEUROSES. 

LECTUHB XXtX. 

of tbe Cerrioal Sjmpatbetia ; Occarrenco and Sjmploms ; Irritation Kid 
Paialjrsis ; Methods of Electrical Treatment — Vasomotor Nenroaae — Cntaneans 
Aof^oneuTOjea— SjmptomH of Spasm and Paralysis of the Vaaomotor XeaniBfta ; 
Methods of Electrical Treatment — Intermittent Dropsy of the Joints — Vasomotor 
Trophin Neuroses of ihf Interment — Anomalies at the SeorotiOD of Perspiik- 
tion— PtogroetitB Facial Homintrophy ; Probable Site ; Methods of Bieotrical 
Treatment— Scleroderma ; MethoJ of Treatment. pp. 3H0-28T 



GENERAL NEUROSES.— CENTRAL AND OTHER FUNCTIONAL 
NECROSES. 

LECTURB XXX. 

jof UtePanationalNearoeas— Electro-th«rapeutLoObjBOt8: BeinoTal of the Lnoal 

I KBtritive Dtitnrbancea ; Inllaence upon the Entire Noirous Systum and the En- 

■a Organism ; ItemoTal of Deflnite Raaws of Dist<a»e ; Treatment of Indivldeal 

VeunatheniA : Varioua Pumu; Nalara of tba Diaaasa; Matboda 



Vm CONTENTS. 

Form; its Situation and Nature; Condition of Electrical Excitability; Prog^ 
nods ; Caaes ; Methods of Treatment ; Beaolts — Other Forms of Facial Paralysis 
— i. Paralysis of the Spinal Accessory Nenre — 6. Paralysis of the Hypoglossal 
Nerve pp. 196-205 

LECTURE XXm. 

Electro-therapentics of Individoal Forms of Paralysis (continued) — 6. Paralyses of 
the Keck and Trunk : Pathogenesis ; Cases ; Methods of Treatment — 7. Paraly- 
ses of the Upper Limbs : Pathogenesis ; Symptomatology ; Electro-diagnosis ; 
Cases ; Methods of Treatment ; Results— 8. Paralyses of the Lower Limbs : 
Pathogenesis and Lidividual Varieties; Electro-dia^osis ; Cases; Methods of 
Treatment; Results pp. 2!b0-218 

LECTURE XXIV. , 

Electro-therapeutics of Lidividual Forms of Paralysis (conclusion) — 9. Paralysis of 
the Velum Palati and Pharynx ; Paralysis of Deglutition : Pathogenesis ; Cases ; 
Methods of Treatment — 10. Paralysis of the Laryngeal Muscles ; Paralysis of the 
Vocal Cords : Character and Methods of Treatment ; Percutaneous and Endo- 
Laryngfeal Application ; Results — 11. Paralysis of Respiration ; Artificial Respira- 
tion; Rhythmical Faradization of the Phrenics — 12. Diphtheritic Paralysis: 
Pathogenesis and Symptoms ; Cases ; Electrical Treatment ; Galvanization of the 
Heart; Results — 13. Lead Palsy and other Toxic Paralyses: Characteristics of 
Lead .Btti^ ; Electrical Excitability ; Situation and Character of the Disorder ; 
MethoS of Treatment — 14 Muscular Atrophy and Hypertrophy : Purely Muscu- 
lar Atrophy ; Atrophy in Articular Affections ; Cases ; Treatment ; Muscular 
Hypertrophy ; Congenital Myotonia pp. 219-233 



V. PAIN, NEURALGIA AND NEURALGIFORM AFFECTIONS. 

LECTURE XXV. 

Introduction — Definition and Nature of Pain and Neuralgia — The Neuralgic Change — 
Electro-therapeutic Objects: Removal of the Abnormal Nutritive Conditions in 
the Nerves and of the Causes of the Neuralgic Change ; the Actions of the Cur- 
rent Available for this Purpose ; Cases — Electro-therapeutic Methods ; Causal 
Treatment — Anti-neuralgic Methods : Direct Application of the Galvanic and the 
Faradic Current ; Indirect, Electro-cutaneous Brush ; Galvanic Treatment of 
Painful Points— General Plan of Treatment— Results pp. 234-244 

LECTURE XXVL 

Individual Forms of Neuralgia: 1. Trigeminal Neuralgia; Practical Remarks Con- 
cerning the Individual Methods of Treatment-~2. Cervico-occipital Neuralgia — 3. 
Headache and Migraine; Various Methods of their Treatment— 4. Cervico-bra- 
chial Neuralgia — 5. Intercostal Neuralgia — 6. Neuralgia of the Lumbar Plexus — 
7. Sciatica ; Various Methods of Galvanic and Faradic Treatment ; Neuralgia of 
the Urinary and Sexual Oigans ; Cocpygodynia — 8. Neuralgias of the Joints — 9. 
Visceral Neuralgias : Neuralgia of the Pharynx and Larynx ; Angina Pectoris ; 
Gastralg^a ; Enteralgia ; Lead Colic ; Neuralgia in the Distribution of the Pelvic 
Nerves % pp. 245-268 



CONTENTS. 



TL SPASM AND CONTRACTDEK. 
LECTUEE SXVIL 

IntroduotioD : CharoctST and PBtliog«neaia of Spasnu; tho Spastic Chaiige~The 

Electriisl Irritability— Electro- tharapeutic ObJHOts: Rcliel of the Ditcot Motor 

Irritntion ; Removal of Reaex Stimuli ; Prodaotion of Vigorous Inhibition ; Comb 

— Bleatro-thernpeatto Metbods ; Causal Treatment ; Direct ADtixpaatio Treatment 

and iti Mettiods ; OnlTanio and Fanulio ; General Plan of Trentment ; R«aiiltd — 

IndiTidoa] Fonos at Spurn: Spasms of the HQacies of Mafltiontion *. Mimio 

^^^_ Facial SpoBm ; BlephanwpoBin : Spasm in the Diatribation of ttia Spinal Aoocb- 

^^^^ aoty and in tbe NMk ; Spasm in the Hnaolei ol the Trnnk ; Respirator; Spasm, 

^^^H Singnltna, e[a. ; Spaama in the Upper and Lower Limb* pp. 239-STS 

^^H TU. ANJEMTHESIA. 

^^^ LBOTURE XXVra. 

and Patho^neais of Annetheaia— Electrical Eiamioftljoii — Objects of Etoe- 
tTO-lllMapenticB ; Coaoi — Uetboda of Eluctrioai Treatment: L'anuil Treatment; 
Direct Treatment of Anecathesia ; Methods with the Faradic am] Oolranic Cur- 
rents i Relirl of Secondar; Tropbic DixtarbaDcea ; Resnlta — IndiTidnal Forma: 
AnaKtlieaia of tho TrigeminuB, the Pharynx and Larfnx; Tasomotor Animtbe- 
•ia; Iljsteiical Anieabbesia; Ataxic Aniestbeeia. -pp. 2T.I-219 



f 



DISEASES OP THE OEBVICAL SYMPATHETIC.— VASOMOTOR, 
TROPHIC, AND ALLIED NEUROSES. 

LECTTTEB XXIX. 



I of the Cerriool Bjmpathetio ; Occurrence and Sjmptomn ; Irritation ■ 
Fiual/sis ; Uethods of Blectrioal Treatment — Vasomotor Neuroaoa — CntoneonB ] 
Angioueuro^es — Symptoms of Spasm and Paralyna of the Vasomotor Nearoi 
Uethoda of Electrical Treatment — Intermittent Dropaj of the Joints — Va*amolor 
Trophic Nearon^B of thi* InMgument — Anomalies of Ibe SecretJou of Per*piiv 
tion — Progressive Facial Hemiatrophy ; Probable Site ; Methods of Electrical 
Treatment— Scl erode nuB : Method of Treatment pp. 280-387 



GENERAL NEUROSES.— (lENTRAL AND OTHER PUNCTIONAIi 
NEUROSES. 

LECTURE XXX 

Fjof tbe FnnotloDalNeaTOBe*- Electro-tberapeuticObjeota: BemoTol of tbe Local 
I Nnttitive Disturhanoei ; InQnence apon the Entire NerrouB Sfstdiii ami the En- 
I Wn OfgaaiBiu : Removal of Definite Canses of Diseom ; Treatment of ImiiTldiial 
L Bjmptooa— I. Neu iMt ben i a : Voiioua Form; NWiu« of thsDiaeoM: Metboda 



X CONTENTS. 

of Treatment ; Besnlts— 2. Hypochondriasis — 8. Hysteria ; its Nataie, Object, 
and Methods of Electrical Treatment — 4. Epilepsy — 5. Co-ordinate Professional 
Hyperkineses ; Writer's Spasm ; Various Forms ; Methods of Treatment — 6i. 
Chorea Magna. pp. 28S-2W 

LECTURE XXXI. 

7. Chorea Minor : Its Sitaation and Cliaraoter ; Electrical Treatment— 8. Tetanna : 
Methods of Treatment — 9. Tetany : Its Characteristics : Electrical Excitability ; 
Character and Location of the Disease ; Electrical Treatment — 10. Catalepqr — 
11. Tremor — 12. Paralysis Agitans — 13. Athetosis — 14. Basedow's Diaeaae : 
Symptoms and Location of the Disease ; Methods of Electrioal Treatment — 15. 
Vertigo — 16. Diabetes Mellitus and Insipidus. pp. 296-906 

X. DISEASES OF THE ORGANS OF SPECIAL SENSK 

LECTURE XXXII. 

Introduction — Diseases of the Visual Apparatus : Their Electro-diagnosis — ^DiseaMs of 
the Lids, Conjunctiva, Cornea, Iris, Lens, Vitreous Body, Choroid — Diseases of 
the Retina and Optic Nerre : Retinitis Pigmentosa ; Papillitis and Papillo-ietini- 
tis ; Optic Neuritis ; Cases ; Method of Treatment — Atrophy of the Optic Nerre : 
Tabetic and Genuine Atrophy ; Cases ; Treatment — Ainaurosis without Anatomi- 
cal Lesion — Hemianopsia — ^Diseases of the Ocular Muscles : Insuffidency of the 
Intemi ; AooommodatiYe Asthenopia ; Mydriasis ; Nystagmus pp. 305-315 

LECTURE XXXni. 

Diseases of the Auditory Apparatus — Introduction — Dryness of the Auditory Canal — 
Opacities of the Membrane — Diseases of the Auditory Neryous Apparatus : Ner- 
vous Tinnitus Aurium ; Its Relations to Galvanic Reaction ; Electro-diagnoeis ; 
Therapeutic Indications ; Determination of the Method of Treatment ; Cases ; 
Principles of Treatment ; Special Procedures in Individual Cases ; General Rules 
and Technical Remarks ; Results — Nervous Deafness ; Cases ; Method of Treatment 
— Deaf -mutism — Menidre^s Disease — Neuroses of the Gustatory Nerres ; Ageuais 
— Neuroses of the Olfactory Nerves : Anosmia and its Treatment . . . pp. 315-326 

XI. DISEASES OF THE ORGANS OF LOCOMOTION, THE GLANDS, 
THE THORACIC VLSCERA, AND THE DIGESTIVE APPARATUa 

LECTURE XXXIV. 

Di&eas^s of the Organs of Locomotion : Muscular Rheumatism ; its Varieties and 
Charj*cter ; Various Methodn of Treatment ; Results — Articular Affections ; In- 
trrjductir/n — Acute Inflammations of the Joints: Traumatic and Other Forms; 
Rheuioatac Polyarthritis ; Chronic Inflammations of the Joints : 1. Monoarticu- 
lar Chronic Articular Rheuraatimi ; 2. Polyarticular Chronic Articular Rheuma- 
tism ; :5. Arthritis Deformans; 4- Stiffness and Ankylosis of the Joints — Dis- 
€*.>!.«'« of the Glandular Or^ns : Tumors of the Lymphatic Glands— Scrofula — 
Sji|*fDi'; To !/3or^— Diseases of the Thoracic Viscera — Nerrous Asthma — Nervous 
PaipiiatcoL tA the Heart— Debility and Irregularity of the Heart pp. 337-335 



CONTENTS. Xl 



LECTURE XXXV. 



DiBeases of the Digentive Oxgaxm : Nenroses of the (EsophagOB— Diaeasee of the Stom- 
ach: Nenrona Vomiting ; Cardialgia; Nerroua Dyapepaia; Methoda of Electrical 
Treatment; Atonj and Dilatation of the Stomach— Diaeaaea of the Intestines: 
Nenroos Enteropathy; Enteralgia; Atony and Paralyaia of the Muacular Coat 
of the Intestines: 1. Occlusion of the Intestines by Atonic Accumulation of 
Fsecea ; Pathology ; Cases ; Methods of Electrical Treabment ; Inyagination of 
the Intestines; 2. Chronic Constipation from Aiony of the Intestines; Cases; 
Percutaneous Faradization ; Recto-abdominal Faradisation ; Galvano-faradisa- 
tion; 3. Prolapsus Ani; Paresis of the Sphincter Ani; Ascites; its Faradio 
Treatment .' pp. 836-^44 



Xn, DISEASES OF THE URINABY AND SEXUAL ORGANS. 

LECTURE XXXVL 

Diseaaea of the Bladder. Introduction. Veaioal Spasm ; Cauaal and Direct Treat- 
ment — Paralysis of the Bladder : Various Forms ; Pathogenesis ; Causal and 
Direct Treatment ; Percutaneous and Internal Applications ; Galvanization of the 
Lumbar Cord — Nocturnal Enureaia : Its Nature ; Methoda of Treatment — Diaeaaea 
of the Male Sexual Organs : Inflammation and Hypertrophy of the Prostate ; 
Orohitia— Functional Disorders : Impotence ; PoUutiona ; Spermatorrhooa ; Aaper- 
matiam ; Pathogenesis ; Cauaal and Direct Treatment^Diaeaaes of the Female 
Sexual Organs — Introduction — Ovarian Hypeneatheaia — ^Disturbances of Menstrua- 
tion: Amenorrhoea; DysmenorrhcBa ; Menorrhagia — Chronic Metritis — Changea 
in the Position of the Uterus — Deficient Secretion of Milk — Concluding Remarks— 
Contra- indicationa to t^e Employment of Electricity — Condition of the Circulatory 
Organs and Mode of Reaction of the Nervoua System pp. 845-357 

INDEX pp. 859-366 



EXPLANATION OP THE ABBREVIATIONS USED IN THE TEXT. 

An = Anode, positive pole. 

Ca = Cathode, negative pole. 

CI = Closure. 

O = Opening. 

D= Duration, the period during which the circuit is closed. 

C = Contraction. 

Ca CI C = Cathodal closure contraction. 

An O C = Anodal opening contraction. 

Ca CI Te = Cathodal closure tetanus = Ca D C >, cathodal duration 
contraction. 

C B = Resistance to conduction. 

D N = Deflection of the needle. 

De B = Degeneration reaction. 
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PHYSICAL rSTRODUCnOX. 
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I Mjx mmamt wixhoat a doabt ibax jtn mre acqiiiiiittfd widi the do^ 
trine of tht plrrsia of ekctrkxtr in all its main femireaL Tbis. at all 
ewntB» loRiKi tike onlj reiiabfe fooDdatiofi of electzo-tber^iieatiesk. tiie 
hmsa tat an maeartd emploTHicct of tiiis tber^jientic a^:cnt lor diagncMCie 
•a wen as tbaapeutic porposes. I cannoC therefore, recommend too 
fltrongir to too a carefol attention to this sabject and its frequent r^ 
capttnlatiop. If jroa desire to become good electnvther^iieiitxstR. too 
must cotnpietelT master it. so far as it comes in qnesdon tor oar especial 
porpoaea. The attainment of this goal will be rendered coTisaden^r 
easier for joa bj the excellent little works of J. RjisentluLl, Fkk, Zeidu 
T. Beetz, and de WatterilleL 

At the a&me time I neither can nor will omit to gire a sho^ descrip- 
tkm of those featores which are absolntelr necessarv in order to nnder- 
■tand what is to come hereafter : bat this can be nothing; mc^e than a 
tmfid sketch, which too should fill in by independent study. 

As is wen known, electricitr appears in T&rioos mcvlidoatioiHL which 
are dependent on the method of their producuon and on the anrangement 
of the corrent-prodacing apparstxi& 

At the preseiit time, we emploj almost exclasiTelr, for therapeutic 

purposes, the so-called electrical corrent For a locg time past« and eren 

tirdaj, nmnerons therapectic trials hare been made with fnctional elec- 

tndtj, the so-called tension or static electridtr. obtained from frictional 
1 
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electric machineB and the so-called mduction machmes ; but these experi- 
ments—even the ktest ones made in Paris— have furnished no tcij en- 
couragiog results, and static electricity has still to conquer a secure place 
in electro- therapeutics. In the following disquisition we shall therefore 
not refer to this form of electricity — for which, however, the same laws, 
in general, hold good as for the electrical current. 

Electrical currents, as is well known, may be produced b; very difier- 
ent substances ; in electro-therapeutics we employ almost exclusively, at 
the present time : 1, galoanic currents produced by contact (constant, con- 
tinuous battery currents) ; and 2, the so-called faradic currents produced 
by induction {induced, int«rrupted, induction currents). The curreuta 
produced by the newer, powerful electrical machines, which are used 
chiefly for industrial purposes, snd which are, perhaps, destined to play a 
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prominent part in electro-therapeutics, may be left unnoticed for the 
present. 

Contact Electricity. — The most simple scheme for the production of 
contact currents — entirely apart from the still unsettled physical theory 
of galvanism, concerning which we need not enter here further in detail — 
is the following : If two di&erent metals (either copper and zinc, or carbon 
and zinc) in the shape of plates are placed parallel to one another, but 
without coming in contact, in a fluid, a solution of a salt or acid (as in Yig. 
1), a separation of the electricity in the metals will be produced by their ' 
contact with the fluid, so that all the positive electricity accumulates, 
under a certain tension, on the one metal, all the negative electricity on 
the other. 

This tension varies greatly, according to the quality of the metals and 
the fluid employed. The various metals can be aiianged in a series (ten* 
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series), in which the one Bituttted at one end becomes moat positively 
electrical from contact with a certaiii tiuid, that nt the other end most in- 
tensely negatively electrical. 

Such a simple combination — two metala in a fluid — is called an open 
open, simple element. If ttie free endB of llie metals ore 
lected with one another by a conducting body, as a metal wire (Fig. 
'S), the electrical tensions produced upon the two metals are equalized 
through this wire, which is termed the " circuit of closure," inasmuch as 
the electricity flows from one metal to the other. We then have a closed 
clement in which an electrical current is flowing. 

The equalization of the tension does not cease with the closure of th« 
hut the contact of the metals with the fluid (or their chemical 
upon one another) causes a continuance of the separation of the 
itricity, a constantly recurring tension, by means of which— so long aa 




powe: 

We 



itola and fluid are still present— a constant flow of electricity is pro- 

the circuit of closure and throughout the entire chain. 

This power of permanently maintaining and constantly reproducing ft 

oortnin difference in the electrical tension, is called the electro-motoe 

power of such a combination. Its amonnt depends alone upon the quality 

the metals and fluids employed in the combination. In any individual 

the greater the diflerence of tension between the two metals, tho 

tter is the amount of electricity produced by the combination, and 

nlao, ceteris paribus, the greater will be tho strength of the current 

produced. 

If n number of tliese simple elements are placed alongside one another, 
Hid the metal of one connected with tho differently named metal of the 
(Pig. 3), the tensions produced in all the individual elements will b» J 
bted, and tho sum of these tensions will appear at the termiod | 
its of Buoh a compound chain. It produces a corresponding in< 
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of the streEgth of the ciurent in the "circuit of closure," which cODnecta 
the free end of the metal of the last element, which has become positive, 
with that of the first element, which has become negative. 

Tbis form of connection of the elements is cnlle'l an arrangement 
•'behind one another." In the electro-therapeul.ica of internal diseases, 
we make exclusive use of such elements arranged " behind one another " 
{for reasons which will be made evident later), and these may be co]lect«(l 
ia any number desired into so-called " batteries ; " we shall therefore, 
ouce for all, discuss such elements anil batteries alone. 

In a compound element of this character, the "circuit of closure" 
passes from the fii-at to the last element ; the current flowing in it has a 
definite sti-ength and dii-ection, and 
naturally runs in an opposite direc- 
tion in the element itself from that 
in the " circuit of closure " — in the 
" circuit of closure " from the car- 
bon to Uie zinc, within the chain 
itself from the zinc to (he carbon. 
It has been agreed to call that end 
of the element from which the posi- 
tive current passes into the "circuit 
of closure," the positive pole or the 
anode, the opposite end, where the 
positive current again enters the 
chain, i.e., leaves the "circuit of 
closure," the negative pole, or cath- 
ode. 

You may now divide the " cir- 
cuit of closure "—imagined, in its 
simplest form, as a simple conduct- 
ing wire — and insert any oUicr con- 
ducting body between the two ends 
(a. Fig. i). The current will then pass through this conducting body, nc 
cording to the laws which govern the latter. This is also true when the 
human body or individual parts of it are inserted in such a " circuit of 
closure." The points of entrance and exit of the current and its diffusion 
in the body then depend upon the situations at which both halves of tlie 
"circuit of closure " are applied, upon the resisfance of the body, etc. 
These factors all depend upon laws which I shall soon explain to you. 
Tbot portion of the "circuit of closure " which conveys the positive cur- 
rent to the human Ixidy is called the positive pole or anode (An) ; the 
other part, by which the positive current escapes from the body, the nega- 
tive pole or cathode (Ca), The portions of the " circuit of closure " giving 
iogreas and egress to the current, and which, for practioal purposes, may 
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be given various forma at the points of contact with the human boJy, are 
called electrodes. 

The essence of electro- thenpeutics conaists simply in the fact that the 
human body — either as a whole, or generally only certain parts of it — ia' 
introduced in a detiuite manner into the '* circuit of closure " of a galvanic 
(or some other electrical) current ; iu other words, the current is couveyod 
by means of tlie electrode to the body or its parts, and allowed to act 
upon it. with a certain intensity, for a variable period, with or without iu- 
temiptiona. It is very evident that an endless variety of applications 
may be produced in this manner, and that the art of the electro- tlienipeu- 
tist couaista esaotitially in the choice of Ute proper method of application 
on individual case of disease. 

The chief reiiuiaite of all galvanic elements employed for electro-thcra- 
peutic purposes is that they eliould furnish a constant current of a 
rtrength corresponding to the relations of the human body as regards 
oonductiou, and which may be readily conveyed to the body by suitable 
deotrodea. At a later period I will briedy refer to the other necessary 
auxiliary apparatus. 

Induction EtectricUy. -^Voder Ihia term we may discuss the induction 
currents produced by magnets as well as by galvanic currents, since essen- 
tially they amount to the same thing. 

Electrical currents mny be produced by the action of magnets upon 
closed conductors ; if a magnet lb rapidly approiimatcd to such a dosed 
conductor— fur example, a wire wound upon a cyhuder, a wire spiral, tho 
ends of which are connected with one another — an electrical current de- 
velops in the spiral during this approximation : if the magnet is rapidly 
removed, a current again develops in tlie spiral, but in the opposite direo- 
tioa from the first These currents are so much stronger, the slronger 
the magnet, the more rapid its approximation and removal, and the greutar 
the number of turns in the wire spiral. If the human body is introduced 
between both ends of the wire spiral, these currents will pass through the 
body and may thus be employed physiologically and therapeutically, 
'pon this principle depends tho construction of the so-called magneto- 
lectrical or rotation apparatus, lu whicli, by a suitable arrangement, a 
very rapidly and trequenUy approximated and removed from a 
Bl)iral, by means of which a hirge series of rapidly foUowing currents 
ip, directed alternately in opposite directions : these may exercise a 
vigorous effect upon tlie human body. The rotatory apparatus have 
TOCenUy been displaced by the so-called induction opparatua, because 
Uieir employment was attended with much inconvenience. I will there- 
fore spare you further details concerning their construction. 

Perfectly analogous electrical currents may be produced with great 
readiness by galvanio currents, by meann of induction. If a wire spiral, 
;b vhich a g4dTamo current ia following, ia rapidly approiimated to 
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a similar closed wire spiral, an electrical current develops in the latter^or- 
ing this approximation, and is directed in the opposite direction to that 
flowing through the former ; if the first spiral is now removed with equal 
rapidity, a current again develops in the second spiral, which now flows 
in the same direction as that in the first This is also the case when both 
spirals are fixed at a certain distance from one another ; and if a galvanic 
current now develops in the first — the primary — spiral, it is as if it were 
very rapidly brought from an infinite distance into close proximity, and 
an induced current will develop accordingly in the other — the secondary 
— spiral, and likewise when the galvanic current again disappears in the 
primary spiral. Such a rapid development and disappearance of the cur- 
rent can be produced readily by alternate opening and closure of the 
primary current in the primary spiral. At each closure, a current de- 
velops in the secondary spiral in a direction opposite to the primaiy cur- 
rent ; at each opening a current develops in the same direction. These 
" induced " currents are so much stronger, the stronger the primaiy cur- 
rent, the greater the number of turns in the primary as well as the second- 
ary spirals, and the closer both spirals are to one another — strongest, 
therefore, when one is pushed entirely over the other. 

If the opening and closure of the primary current follow rapidly and 
constantly, a continuous series of rapidly following currents alternately 
directed in opposite directions occur in the secondary spiral ; these are 
the so-called induced or induction currents, or faradic currents, as they 
are now called almost universally by electro-therapeutists. If the himian 
body is inserted in the secondary spiral, these faradic currents will pass 
through the body, and can produce their physiological and therapeutical 
effects. 

All currents produced in this manner have an extremely short dura- 
tion ; they are currents of almost momentary duration. The apparatus 
constructed in the most varied forms for their production are the so-called 
induction apparatus. Their ordinary construction gives rise to the cir- 
cumstance that the induced currents (of the secondary spiral) produced 
by the closure and opening of the primary current are of unequal strengths : 
the current developing during closure (closure induction current) is de- 
layed and weakened by an extra current (to which we shall refer again), 
developing at the same time in the primary spiral, while at the opening of 
the primary current this extra current does not develop usually, and con- 
sequently cannot modify the secondary opening induction current. The 
stronger opening current is always followed, therefore, by a weaker clos- 
ure current in the secondary spiral. The diflference between both is quite 
considerable, as you can readily prove by holding both ends of the second- 
ary spiral in the hands, and making single openings and closures of the 
primary current ; abeach opening you will experience a very severe shock, 
at each closure a very feeble shock or none. By a suitable arrangement 
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applied to the apparatus, thia difference may be almost entirely compen- 
BaUtd ; usually Uiia ia not done in tlie apparatus employed for therapeuti- 
cal purposes. 

In the application of these currents to the human body, the opening 
current is so predomiuaut that it may be taken into consideration almost 
exclusively, and we are ihus justified, to a certain eit«nt, in dotenuining 
the direction of the cun'ent, and choosing the name of the pole according 
to it. In the employment of secondary induction currents, we may indeed 
speak of the anode and cathode, inasmuch as we mean tlint this id true of 
the opening current alone ; but we should not forget that each electrode 
is alternately anode and cathode in rapid succession. 

The action of the induced current may be considerably intensified by 
oombining with it the action of a magnet If a soft iron rod or a bundle 
of iron wires be pushed into the primary cylinder, it becomes magnetic 
on closure of the current, demagnetized on opening it, and the induction 
effect, which corresponds to that of a magnet rapidly a]>proaching from an 
infimte distance and disappearing with equal rapidity, is added to that of 
the primary coil. In Uie majority of our induction apparatus these soft 
iron wires are inti-oduced therefore witliin the primnrj- colL 

III all these apparatus you will also find a small arrangement which 
aatomatically produces intermption (closure and opeiung) of the primary 
current, and which is conveyed from an external source — usually one or 
two galvanic elements — to the primary epiral ; the contact which secures 
'fll8 closure of the ciurent is broken and restored with extremely rapid 
■Itemation, by means of an armature which is made to vibrate through the 
ftctioB of a magnet. The principle of this arraugemeut is always the 
flame ; the method of its construction roar be very different. 

I must here refer to another point, \iz. : that in the primary spiral 
itadf induction eHects and currents develop, inasmuch as the individual 
coils of such a spiral produce induction in one another. The currents de- 
veloping on closure need not usually be considered, but, on the other 
band, the induction current developing at the opening of the primaiy cur- 
rent may bo readily detected by suitable mechanism, and employed for 
tfaer^tentic purposes ; this is the so-called extra current. It is an induced 
torrent, but develops in the primary spiral ; it is also called the primary 

kdic current, that developing in the secondary spiral being termed the 

indary farad ic current. 

The fundamental principle of the indiiction apparatus therefore con- 

this, that by means of frequent interruptions of n galvanic current 

through the primary spiral, currents are induct in the secondary 

■■ well aa in the primary sjiiral, and these may lie conveyed to the human 

body by suitable arraugcmenta 

A gradation of the strength of these currents may be secured by push- 
iag one spiral over the other, by pushing in the soft iron wire, etc. It 
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ahould always be kept in mind in this connection that induced currents 
consist of a large number of currents of momentary duration, following 
one another in rapid succession ; entirely different, therefore, from the 
galvanic current, which flows constantly in the same direction. 

In the consideration of the apparatus and accessory apparatus in 
common use, I shall merely give a short description, pei*taining chiefly to 
the principles involved. I desire simply to formulate the demands which 
must be made upon the apparatus, and which can be fulfilled in various 
ways, and I will then describe, somewhat more closely, the most indispen- 
sable accessory apparatus. 

The first demand to be made upon an induction apparatus is that the 
spirals be sufficiently large to produce the necessary strength of current, 
and that the length and thickness of the wires in the primary and second- 
ary coils present a proper relation to one another. (It has always appeared 
to me that secondary coils of very thin wire are less suitable because they 
produce ciuTents which are decidedly more painful) Convenient arrange- 
ments for the conduction of the secondary and primary induction currents 
must be present, and the possibility of properly graduating the strength 
of the current Finally, the automatic interruptor should have a good 
and reliable movement ; the galvanic element necessary to work the in- 
strument must be sufficiently strong and constant, and the number of 
coils and the thickness of the wire in the primary spiral must be chosen 
correspondingly. 

For all scientific investigations, for exact work, for permanent appa- 
ratus in the home of the physician and specialist, the well known Dubois- 
Beymond's sliding apparatus are best adapted. 

For other purposes, especially for outside practice, the so-called port- 
able induction apparatus are best suited. The coils may be placed either 
horizontally or vertically, are also provided with an arrangement to gradu- 
ate the current, not infrequently with scales, upon which these gradations 
can be read oK 

The industry of manufacturers and the inventive spirit of many electro- 
therapeutists have led to the construction, also, of numerous small, so- 
called pocket induction apparatus, which are characterized by small size 
and weight, usually by ready applicability ; they may be very useful in 
many cases in practice, but are not suited for more exact diagnostic and 
scientific investigations, and usually lose their power after prolonged use. 

In the construction of galvanic batteries all possible galvanic elements 
may be employed, provided they are well made and in good condition — 
from the older Darnell's, Gbx)ve's, Bunsen's elements to the newer ones of 
Stoehrer, Siemens-Halske, Pincus, Leclanch6, Trouv^, Muirhead, Smee, 
etc. For practical purposes, with respect to cheapness and especially 
with reference to convenience, filling and cleaning the elements, it will 
naturally be necessary for you to make a choice. 



snce 
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PHYSICAL INTRODUCTION. 'J 

To one point I caunol omit cftUiu^ your attention nt the present time, 
viz., that no gre^at importance is to be attacliei.1, in practice electro-thera- 
peutics, to the gi'eatest possible anil absolute constancy of the elements. 
The requirement of really constant elements, which is sometimes main- 
tained by " exact " electro-therapeutista or brought into prominence by 
the instrument makers, is simply naive when compared with the real cir- 
cumstances. A constancy of the elements, such as is required in our ap- 
plicatioua to each individual, lasting three, live, or at the most ten 
minutes, is secured even by the poorest construction ; and, on the other 
hand, even in the employment of the most constant elements during onli- 
iiary tiierapeutical applications to the living body, so many factors are 
inti-oduced which cause vaiiatious iu the strength of the current — for 
example, increasing conductivity of the epidermis and skin on account of 
the moisture of the latter ; duration of the current ; change of resist- 
ance from increased or diminished temperature, from the larger or 
ler amount of fluid with which the electrodes are moistened ; change 

the pressure with which they are applied ; polarization at the elec- 

[ea, perhaps also within the tissues, etc. — that the supposed constancy 

the current is purely illusori-. The constancy of the elements ia only 
iportant with reference lo the duration and reliability of the battery as 
whole, but it is not by any means a necessary requisite for our thera- 

itical pur^Toses and may be fully compensated by other advantages, 
presented by many inconstant elements. 

The most necessarj' qualities required in a galvanic battery by the 
practical physician are : cheapness, readiness of use and ease in keeping 
it in order, a certain durability of the elements, a sufficient number of 
the latter, the jrassibility of removing and reinserting them nt any mo- 
ment, a suitable and easy method of introducing and employing any num- 
ber of elements. 

We now possess a large number of batteries composed of the most 
Tarioua elements (Stoehrer, LeclaQch6, Siemeus-Ualske, Doniclls, Trouv£, 
etc ) which leave scarcely anything to be desired. 

One difficulty still remains ; a transportable battery which is readily 
conveyed without any inconvenience and at the same time remains in ' 
working order, so that the practitioner can carry it in Iiis carriage, still 
remains to be constructed. Great pi-ogress has been made iu this direc- 
tion, and there are now numerous batteries which are readily transport- 
able. But they still present many inconveniences. You will be told in 
one of the next lectures that the elements employed for therapentioal 
purposes in human beings may be as small as desired without losing their 
electro-motor power. But this small size nevertheless has its practical 
limits on account of the sUght durability of many of these elements, the 
danger of rapid evaporation and the necessity of frequent renewal of the 
on account of the frequent change necessary in the metal of the ele- 
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ments, etc. It would, however, be veiy interesting to investigate whether 
elements of varying size but of the same construction, or elements of 
varying construction (Bunsen and Leclanche, Daniell and Pincus), can 
produce different physiological and therapeutical effects. From a purely 
physical standpoint, this cannot be readily accepted, but the remarks and 
observations of some electro-therapeutists indicate such a possibility. 

So far as my observation goes, the batteries constructed by Stoehrer, 
and which have been subjected to innumerable imitations, appear to me 
to be the most serviceable. For the specialist, for hospitals, etc., the 
large batteries of Siemens-Eblske or Leclanche elements, or even of Meid- 
inger elements, may be recommended, but they require thorough repair 
from time to time, and it is more difficult to keep them in order. 



LECTURE 11. 

AooMsory Apparatas: Selector or Element Namerator— Polarity Changer — Galvan- 
ometer — Measaremeut of the Absolute Strength of the Cnrrent— Rheostat — Con- 
ducting Wires — Eleotrodes and their Yarioua Forms— Electrical Table.— Physical 
and Physiological Recognition of the Poles. 

The proper practical applicatioii of the apparatas above described re- 
quires a number of accessory apparatus, upon the proper construction of 
which depends in good part the e^ and exactness of the application of 
the current for diagnostic and therapeutic purposes. 

Under the term selector, or better, element numerator (according to 
Zech) is meant a small apparatus which should not be absent in any gal- 
vanic battery and which enables us to include or exclude from the circuit 
any number of elements desired — if possible without interruption of the 
closed current. This is effected by a number of contacts corresponding 
to the number of elements, and which may be connected with the con- 
ducting wires by the most various methods ; either by means of contact 
springs which are fixed to a sUding movement, to be moved to and fro 
(Stohrer), or to a revolving disc, and are so arranged that the last con- 
tact is not broken until the next has been reached ; or by means of 
two plugs, one of which is not removed until the other has already been 
placed in the next. The most perfect selector is that which enables us to 
include one additional element at a time in the circuit ; this is frequently 
only possible for the smaller number of elements, for the larger ones each 
three, five, or ten elements. 

A very important accessory apparatus, which is indispensable for all 
more exact investigations, is the polarity changer. This little apparatus is 
introduced into the circuit for the purpose of changing the direction of 
the current at pleasure. It must also be so arranged that it permits sim- 
ple opening and closure of the current in any direction of the latter, and 
also reversal of the direction of the current with readiness. The very 
practical polarity changer, which is now in almost general use, has the 
construction shown schematically in Fig. 5. 

Upon the periphery of a movable gutta-percha disc two metal strips 
are fastened in such a manner that a distance of 1 to 1^ ctm. is left between 
their free ends. Four metallic contacts conduct the current to and fro ; 
1 and 2 are connected with the battery (Anode +» Cathode — ), 3 and 4 coa- 
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vej the current farther tlirough the circuit. The metal Btrips mentioned 
secure the connectioa between two contacts — in pOBitioD I., between 1 and 
3 on the one hand, and 3 and 4 on the other. In this position of the 
disc, which is revolved by the lever a, the current passes from 1 to 3, and 
3 is therefore the anode ; it returns from the circuit, from the human 
body, to 4 und then passes to 2 ; 1 is therrfore the cathode ; the current 
posses in the circuit of closure from 3 to 4. 

If the lever a ia turned a quarter of a circle so that it assumes position 
m, you will see that tliis direction is i-evei-sed ; contact 1 is now con- 
nected with 4, contact 2 with 3 ; i has become the anode, 3 the cathode ; 
the ourrent passes in the circuit of closure and the body from 4 to 3 ; you 
bnve thus produced a " reversal of the direction of the current." 

If the lever a is only turned 45", so that it assumes position II., two of 
the contact springs touch the free space between the two metal strips, i.e., 




the current is open. Tou may then, at pleasure, close it in one or the 
other direction and again open it, without reversing the current ; you may 
at will convert each of tlie contacts 3 and i into the anode or the cathode, 
and if the electrodes in connection with them are applied to a certain part 
of the body, you may there secure the action of the cathode or the anode, 
make a cathodal closure and opening, or an luiodal closure and opening. 
Or you may, at the same locahty, reverse from the anode to the cathode or 
vice verso. 

Brenner's modification consists in the introduction of on intei-vening 
piece, which fills the free space between the two metal strips with tlie ex- 
ception of a small slit, and thus permits very rapid reversal of the current, 
which is requisite for many diaj^nostic purposes. 

The polarity changer is an indispensable apparatus for exact electrical 
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examination, for the making of repented cIosutbb and openinge of tho cur- 
Ijent in both directions, and for reversala of the current. In man; bat- 
you will sti]] find polarity cbnogere which merely permit reversal of 
■the current, but not simple opening and closure of the current ; these are 
worthless or, at least, absolutely useless for electro-diagnostic examinations. 
A good galvanometer is no less indispensable for all accurate investiga- 
tions and, I may also add, for the ordinary operations of electro-therapeu- 
tics. Formerly it was only employed to indicate that the current wns 
really passing. More recently it has been recognizeil that the galvan- 
ometer is very useful and even necessary in measuring the strength of the 
current which really comes into pUy, in diagnostic examinations as well na 
in the therapeutical applications. I was tlie first to declare it incontro- 
vertible that, in quantitative electrical examinationa of irritability, the de- 
termination of the strength of the current employed con be made by 
leana of the galvanometer alone, as its determination in the manner for- 
merly in vogue, according to the number of elements employed or the re- 
ot the rheostat introduced into the circuit, is entirely insufficient 
and faulty. At my suggestion Hirachmann in Berhn has constructed a 
galvanomelor (a vertical gidvonometer, according to the principle of the 
multiplicator) which meets all ordinary requirements, possesses four grades 
of BStisitiveness, and thus permits measurement of the most var;k*ing 
atrengtliB of the current and is very useful in diagnostic examinations. 
iThia has been very generally accepted, but jt posseases the disadvantage 
>t the figures found by its means can only be compared with each other 
each individual instrument, since the movements of the needle vary 
itly according to the sensitiveness of tho instrument. In addition, tho 
itnmgth of the current is only proirartioual to the angle of deflection when 
latter is small, while the strength of tho current increases much more 
ipidly than the angle of deHection when this is great. 
The attempt lias been made recently to consti-uct a galvanometer which 
twill iudirnte the absolute strength of the current These galvanometers 
gtsdoatod empirically in such a manner that the strength of the cur- 
xprossed in definite, generally accepted units, so that we can sim- 
off; thiaia a current of six, or ten, or twenty, or twenty-five " units 
strength of the current." On account of the increasing resistance 
Ith the increased deflection of the needle, it is evident that the divisions 
the scale must gradually come in closer proximity. At present authors 
still at viiriance with regard to the unit of strength to bo accepted — 
rbethor the " milUveber " pmiHised in England, or the units employed in 
ly, and whi^jh differ slightly from the English. 
The adoption of the same scale would be attended with very great od- 
Ttntagea ; we would then be able to express the strength of the current 
In Bimpta numbers {for example, a current of five, ten, twenty millivebers, 
,), to mentiOD Bocurately tJie strength of the current in examining tho 
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irritability of nerve-stractures, to compare the statements of others with 
our own figures, to control accurately the strength of the current in thera- 
peutics, and thus regulate the dose of electricity as of all other medicinal 
agenta 

Easy as this may appear to some, there are still many technical diffi- 
culties which must be overcome in the construction of such galvanometers. 
A physiological obstacle to the general applicability of absolute measures 
of the strength of the electrical current appears to me to be much more 
important ; this is the significance of the density of the current, which is 
entirely independent of its absolute strength, with regard to its physio- 
logical and therapeutical action. Every experienced electro-therapeutist 
knows that the effect of a definite strength of current, if the electrode ap- 
plied to the nerve has a surface of contact of one square centimetre, is 
entirely different from that produced if the surface of contact measures 
twenty square centimetres. The most exact statements must be made 
with regard to the method of application, the form and size of the elec- 
trodes, and their exact points of application, or the statement of the abso- 
lute strength of the current will have no value. 

Numerous attempts have been made to introduce the so-called rheostat 
into electro-therapeutics, in order to make a delicate and uniform gradation 
of the strength of the current in the circuit The attempt was made to at- 
tain this end, partly by introducing graduated resistances into the circuit, 
— usually columns of fluid si^ch as water, solutions of salt, and the like 
(fluid rheostats) — partly by introducing into the auxiliary circuit of the 
main circuit variable resistances, with the increase in which the strength 
of the current in the circuit increases, with whose diminution the strength 
of current in the main circuit diminishes (Brenner's rheostat). All these 
instruments fulfil their purpose in a very defective manner. The fluid 
rheostats soon become uncertain on account of electrolysis and polariza- 
tion, usually act promptly only when the number of elements is small, and 
are to be recommended at the most in those cases in which we wish to 
change the strength of the current very gradually. The fluid rheostats 
constructed by Stohrer according to Ringe's suggestions are very practical ; 
they are filled with a 40 per cent, solution of sulphate of zinc, with amal- 
gamated zinc electrodes. These are simple, cheap, and practically useful. 

It appears to me, however, that much praise cannot be bestowed upon 
any form of rheostat, and that our accessory apparatus for the delicate 
and uniform gradation of the strength of the current still require very 
much improvement. } 

The so-called conducting wires serve to convey the current from the 
polarity changer to the electrodes. They must be as thin and flexible as 
possible, not unroll nor easily break, and be about 1.5 to 2 m. long. They 
are best made of very fine, loosely rolled silver or copper wires, or of 
woollen or silk threads surrounded by metal They must be well insu- 
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flated, best by thin rubber tubes, in order to prevent their becoming 
moiut and thus allowiug the possibility of unintended accesBory dosurea. 
It is especially impoi-tout that their connection with the chimps of the 
pohirity changer and the electrodes be oa solid and secure as possible. 

For diagnostic and therapeutic purposes the current is conveyed t» 
the hiuu&n body by means of electrodes. Very much depends upon theic 
size, form, and construction ; we still find very unpractical electrodes, 
which ore absolutely insufficient for many purposes. The choice depends 
entirely upon the purposes which we desire to attain, and is regulated 
simply by the jihysicul laws which we will discuss in the next lecture. 
Metallic electiodes (of brass, preferably well nickel pkted) ai-e the 




^^^HMOmI asafnl, but those mode of carbon may also be employed. The elec- 
^^^Hrodea may be button-shai>ed or flat ; the former are beat covprcil with a 
^^Fnodsntely thick layer of fine sponge, the flat ones with soft flannel sur- 
rounded by a layer of fine bnen. Flat electrodes -may be square or round ; 
Ihej should be somewhat bent at the edges and angles or have a concave 
■orfaoe, especinlly the larger forms. Chief attention must be paid to the 
fsct thftt the covering is not worn at the edges, so that the metal comes 
through. 

The size of the electrodes varies greatly according to the use to which 

y are to be put ; for the most careful localization of the current upon 

iividual points, fine branches of nerves, motor ]K>ints of muscles, etc., 

■ cmplc^ button-shaped electrodes, the diameter of whose sponge cover- 
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ing 18 not more than ^ ctm. I shall hereafter call these " fine " or " small- 
eat " electrodes (Fig. 6, a). The nest larger form, for the Btimulatioii of 
muscles and larger nerve-trunks, for the application of the current to the 
eje, face, neck, may have a sponge covering with a diameter of 1^ to 2 ctm, 
diameter, and they will be called by me " small " electrodes (Fig. 6, b). 
Then comes the flat electrode, which is preferably employed by me for all 
apphcations of the galvanic current to the face or neck, for local gnlvnnic 
stimulation of the nerves and muscles, for qnantitatiTe examination of gal- 
Tanlc irritability ; this is a square plate, the sides of which are 4 to 6 ctm. 




long, and which 1 call the " medium " electrode (Fig, 6, c). Finally, the 
" large " electrode, to be employed in all applications to the back in dis- 
eases of the spinal cord, in seiatioa. in affections of the large joints, and as 
on indifferent electrode ; it is a rectangular plate, concave on the free sur- 
face, the sides being 5 to 6 ctm. and 10 to 12 ctm, long (Fig. 7, a and a). 
Still larger electrodes, " very large " ones, will rai-ely be necessary, but I 
have occasionally employed such in very fat persons or for special purposes. 
In galvanizing the brnin for various diseases I have recently employed 
large, plate-shaped electrodes (the sides beintr 14 to 17 ctm. long), accu- 
rately bent according to the curve of the skull ; these are covered with ft 
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thick, soft layer of sponge, can therefore be well adapted, and appear 
to me very aervtceable ; I will call them " large Lead electrodes " (Fig. 8). 

The majority of theee forma of electrodes may also be made of com- 
pressed gaa carbon, but they present no noteworthy advantages, and the 
large ones are unpractical on account of their thickness and inHexibility. 

The electrodes must be screwed upon good strong bimdles ; tlie form 
and size of the latter depend mainly on habit and personal preferences of 
the electro-therapeutist. I find the strong and large ones (Fig. 7, 6) most 
serviceable. For many examinations it is very useful to have handles 
which are furnished with an interrupting apparatus, so that the current 

ybe opened and closed during the fiiation of the electrode by thepres- 

e of the finger. 
1 their application to the body, the electrodes must always bo thor- 
ighly moistened, because otherwise they will not conduct the current ; 
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ined epidermis is also an extremely poor conductor. The 
is best done with very warm water. Cold water is a much 
conductor, moistens the epidermis much more slowly and with 
difficulty, mid is usually very uncomfortable to the patient Salt 
though it conducts much better, has so many inconveniences (de- 
if the electrodes by electrolysis, more marked burning of the 
akin, production of stains on the clothes, ef«.) that I have long discarded 
it At the most I employ it in those cases in which, on account of unusu- 
ally great resistnnce, the strength of the battery is insufficient to produce 
the desired efTocts. 

Hitzig has also employed and reconimende<1 " impolnrizable '' electrodes 
Ibr eleciro-thempeulic purposes. They aie said to have the special advan- 
tage uf being but slightly painfid. But as their advantages are by far 
coil uterhalau cod by the diflfieulty in handling these electrodes and keeping 
in order, they have not secured b foothold in practice. 
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Apart from those mentioned you will usuallj need a Beries of other 
electrodes for certain special purposes ; thus, especially, a dry metallic 
electrode, then one made of numerous fine metallic threads in the form of 
a brush (electrical brush. Fig. 7, c), then special electrodes for the treatment 
of the urethra, bladder, uterus, rectum, pharynx and larynx, recently even 
the stomach, etc. These consist of polished metallic buttons fastened to 
a long metallic staff, covered with rubber and of varying thickness, accord- 
ing to the object in view. 

This is about all the apparatus which you will need in order to fulfil 
all the practical and even the majority of the scientific purposes of elec- 
tro-therapeutics. As a matter of course, it is useful to have all these appa- 
ratus arranged in a convenient manner, and so-called electrical tables have 
therefore been constructed, usually in a very elegant form. 

But these are by no means absolutely ' necessary ; I have never 
possessed one and have always helped myself in a much more simple 
manner. 

Before leaving this subject, allow me to make a few remarks concern- 
ing the determination of the pole which is desirable when we cannot trace 
directly the connections from the An and Ca of the* battery to the con- 
necting wires. This is done most simply by means of the electrolysis of 
iodide of potassium. Some starch-paste is mixed with a solution of iodide 
of potassium and the pole wires are placed in it ; the iodine which is 
set free will produce an intense blue color at the anode. This test is 
usually insufficient for the faradic current ; the electrolysis is only dis- 
tinct when the intensity of -the current is enormous, or it must be made 
more distinct by special methods (single opening currents, passage of 
sparks). The recognition of the poles by the different physiological 
effects, is as certain as their electrolytic determination. The cathode, if 
applied to a motor nerve, produces a much stronger muscular contraction 
on making the current than the anode ; if both poles are applied to the 
cheeks, the anode will produce a much stronger and distinct gustatory sen- 
sation in the tongue than the cathode ; many electro-therapeutists can 
clearly distinguish the two poles by the quality and color of the flashes of 
light on galvanizing the eye. You see, then, that we have, at any moment, 
sufficient means to distinguish the two poles from one another. The 
cathode of the faradic current (the opening current) may also be readily 
recognized by its greater irritative effects on motor and sensory nerves. 




LECTURE in. 



Phjuoal Jaws of the Diffusion of tba Current and their Application in Electro- Uiera- 
peatica —Ohm's Law — Stren^tb of Current — Restatance of Varioaa CoDduotora: 
It«nrtaiioe of tbe Animal TisEnes, ecpeciallf the Epidennin — Individual Diff«i^ 
ences in Man and their Con Beqiiences— Essential and Extra- exaenlial Ilesistanoe ; 
Conelnsloiia tbersfroro Concaming th« CooBtrnction of Apparatus— Density of th« 
Coirent and iti Lawe — Praotical Dedactionn for Vailoua Electro-therapeatleal 
Patpoaea — Electroljtio and Cataphoric Effeota. 

In tbe ver^- large majority of cases it is the espressed deeirc ot tha 
«lectro-tlierapeutiBt to allow tlie electrical current to net upon certain 
ports of tbe body, viz., the diseased ports, with a certain strecgth, densitj, 
wid direction, or predominniitly with one of the two poles. 

You luiTe become acquainted in the previous lectures with the souroe of 
the current and the apparatus employed for conveying it conveniently to 
the body. To-day we must examiue bow tbe current can be introduced 
into the human body, how it cim be localized in certain parts in the 
manner desired. For this puqwse, it is necessary tJiat we again recall to 
mind the laws of the distribution of the current In various conducting 
part& The human body is nothing' more tlian a large conducting man 
of definite resistance ; and tbe lawn controlling the distribution of large 
conductin*? masses therefore apply to it without any limitation. 

These arc the well-known Ohm's laws, and their accurate knowledge is 
of the greatest importance to the electro- therapeutist. Only by constantly 
bearing them in miikd and utilizing them in a rational manner will you be 
enabled to apply tlio current rationally and scientifically. I know ot noth- 
ing in physics which is of more iraportanae to tbe electro-therapoutiit 
that an accurate knowledge of these very laws. 

1. Tbe Hrrnglh of the current (intensity ^ I) ia in the first place depend- 
ent upon the electro-motor power (E) of the combinations employed in 
its prorliiction, of tbe metals and fluids employed io the circuit, of the 
position of the metals employed in the tension series, of the strength of 
the intluciug magnet or tbe inducing current, of the number of coils in 
the cyUuders, etc. If all the other conditions are alike, especially tbe 
circuit of closure and the external shape of the individual combination^ 
Ike Ktrenyth of the current ia directly proportional to the dectro-motiv power 
^ mt ooifrfX w olh«r auuroe o/Oectncity. 
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It follows that Tarious elements and combinations may have a different 
▼alue and that, in choosing them, consideration must be paid to their 
yarying electro-motor power. If we wish to obtain a certain strength of 
current — and this must be comparatively great in electro-therapeutics — we 
must choose elements of relatively great electro motor power, induction 
apparatus of a certain size whose coils have a sufficiently large number of 
tum& 

2. You will at once discover, however, that although the electro-motor 
power remains the same, the quality of the circuit of closure has a very 
decided effect on the strength of the current. {I presume, as a matter of 
cotu'se, that you employ one of the accessory apparatus furnished by 
physics in measuring the strength of the current.) The circuit of closure 
introduces a certain resistance (= R) to the passage of the current. 
Circuits of closure of various constructions produce different resistances, 
and changes in the strength of the current will ensue according to the 
Yariations in these resistances. The following law formulates this rela- 
tion : the strength of the current is im^eTTsely proportional to the resistance in 
the closed chain. 

From a combination of this law with that previously laid down, it 

follows directly that the expression of the strength of current of a closed 

combination is the following : the strength of current is equal to the elec- 

E 
tro-motor power divided by the resistance, or I = = 

This statement is of no small practical importance, since we have to 
deal in the human body — as you will soon learn — with enormous resist- 
ance to conduction, and we must therefore choose, for electro-therapeutic 
purposes, combinations of relatively large electro-motor power, though 
even then we will only obtain currents of relatively little strength. 

3. Further examination will teach you that not alone the quality of 
the conductor in the circuit of closure will affect the resistance which it 
presents, but also the form of the conductor. Thus, a certain weight of 
metal, when it assumes the form of a short, thick cylinder, presents an 
entirely different resistance to the current from that presented when the 
metal has the shape of a long wire. It has been found that the resistance 
of a conductor is directly proportionate to its length, and is inversely pro^ 
portionaie to its transverse section. 

It therefore follows that the strength of current diminishes with in- 
creasing length of the conductor, but increases with its increasing trans- 
verse section. Cceteris paribus the current will be so much stronger the 
shorter and thicker the circuit of closure, and so much weaker the longer 
and thinner it is. 

These laws lead to certain deductions with regard to electro-thera- 
peutics, which we will consider somewhat more in detail. 

Yanous conductors present very different resistances to the current. 
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The metaU are tiie best conductors ; piire ailver affords tbe least re- 
sUtoDca, then follow copper, gold, zinc, iron, et«.; mercury presente the 
greatest resistaDce, about iUiy times as great as that of silver (both are 
employed as units of resistance).' 

Much greater resistance is presented by the various conducting fluids, 
such aa solutions of salts, diluted acids, etc. ; they present 10.000 to 300,000 
times OS much resistance as mercury. Pure distilled water is the poorest 
of all these conductora {about one huudred and twenty million times as 
great as that of mercury, Zech), but u slight addition uf salts or acdds in- 
creases very markedly its eouducUvity. 

Animal tissues are also poor conductors ; they' may be regarded in 
general as solutions of salt^ of various concentration, and their conductivity 
dapends in rrreat part upon tbe blood cirntitating through Ihem and upon 
the parenchymatous fluids. The many attempts made to determine the 
resistance of conduction (C U) of the different tissues have led to various 
results, but it seems that they do not present any very great differences in 
this respect, though muscular tissue is the best and bone the poorest con- 
ductor. It should also be mentioned that the transverse resistance of the 
nerves (when the current is directed transversely across them) is five 
times greater, and that of the muscles about nine times greater than their 
longitudinal resistance. It seems, then, that the conductivity does not de- 
pend solely upon moisture with solutions of salts ; it is, at all events, con- 
siderably diminished by the internal poloi'ization which immediately occurs. 

In electro- therapeutics, however, we do not have to deal, aa a rule, with 
tho exi>osed animal tissues, but with ports which are covered by the exter- 
nal akin and with its homy layer, the epidermis ; this is a circumstance 
of the greatest importance, which la too often very UtUe considered. In 
all ordinary npplic-atious of the electrical current to the human body the 
main resistance is offered by tie epidermis. In comparison with this re- 
aistance, oil others need scarcely be considered ; at all events, the epider- 
luis is dec;isive with regard to the general strength of the current, though 
not with regard to the distribution of the current within the body. 

Tile epidermis consists of the mucous and homy layers. The former, 
oonsisting of soft, cellular elements, will preseut approximately the same 
resistance as the other animal tissues. This is different with regard to 
the homy layer, consisting of dry, vitreous cells ; this layer may be re- 
garded as non-conducting, offering a very great or absolute resistance to 
the current, ns you can readily demonstrate upon the thick homy layers 
of the heels and soles of the feet or upon callous hands. Thorough moist- 
ening with warm water or a solution o( salt is alone capable of restoring 
tbe conductivity of this homy epidermis. 



' The Siemean nnU, wbich it tho one moat io dm. !b equal to 
aoinaan of mttearj 1 aq. mm. in bsoirerM MctMB and 1 m. ia lengUi. 
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If the homy layer covered the entire surface of the body in a uniform 
manner, it would indeed augur ill for the ordinary percutaneous applica- 
tion of electricity ; at all events, the apparatus at present in use would be 
insufficient. But, entirely apart from the microscopical interstices be« 
tween the individual histological constituents of the homy layer, it is also 
perforated by a large nimiber of more or less closely approximated open- 
ix^gs, by the excretory ducts of the sebaceous and sudariparous glands 
and by the hair-follicles, therefore by canals, which are everywhere cov- 
ered and permeated by a fluid containing salts ; it thus affords the current 
ready entrance to the deeper layers of the cutis, and in this manner to the 
interior of the body. The resistance of the epidermis to conduction im- 
doubtedly depends chiefly upon these flne passages for the current^ upon 
their number and their more or less close approximation. 

The variations in the thickness and moisture of the epidermis, and in 
the quantity of hair-follicles and glandular excretory ducts are entirely 
sufficient to explain the fact that tiie epidermis presents a varying resist- 
ance to the current in different parts of the body, and also that very great 
differences in resistance are observed in different individuals upon corre- 
sponding parts of the body. 

Sex and age, race, and habits of life have great influence in this re- 
spect ; bare portions of skin act differently than covered ones ; parts fre- 
quently subject to pressure act differently than those which are protect- 
ed, etc 

The following figures will serve as examples to illustrate the individual 
and local differences in the resistance of the integument to conduction. 

If the same electrodes, with the same amount of moisture and an equal 
duration of the current, with the same introduction of the galvanometer 
and constant number of elements, be applied successively to various sym- 
metrical parts of the body, you will obtain, for example, at the following 
parts of the body the deflections of the needle here indicated : 

On both temples 40° 

" cheeks 50° 



«( 



lateral surfaces of the neck 35 



o 



o 



" scapulsB 20 

" loins. 5° 

" anterior surfaces of the thighs 3° 

** popliteal spaces 26" 

** external surfaces of the legs 2° 

** anterior surfaces of the arm 25° 

" external surfaces of the forearm 22° 

palms of the hands 20° 



(( 



Similar relations will be found in all individuals. The differences of C R 
(Resistance to C!onduotion) at similar parts of the skin in different indi- 
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IdunU are often still more striking. In t«n healthy young men, I haTe 
fouud the following deflectloss of the needle with a precisely similar 
method of application (An on the sternum, Ca upon the ulnar nerve of 



ihe right arm) : 



10% 18", 9°, 7°, 6^ 16°, 6°, 16°. 4°, 



~ In two young girls, the application of the An to the Bniall of the bocic, 
the Ca to tlie neck with a current of t«n elements, produced in one 33° 
deflection of the needle, in the other a deflection of 5° (in the latter, 18 
lementa were required to produce a deflection of 33"). 

In two men suffering from lead palsy, whom I examined at the same 
me, two series of experiments showed the following couaiderable differ^ 



EiPEStuEvr l^An upon the sternum, Ca upon the left deltoid : 

Cask A. Cahb B. 

(Aged 44 yeuB). (Aged 26 jaam). 

Wiih 6 elements, 31° N. D 4° N. D. 

" 4 " 26° ■' 2^ " 

" ? " 16° " 0" " 

—An upon the sternum, Ca upon the right radial 
Cabb a. Cabb B. 

"Withe elements, 29° N. D 7° N. D. 

"4 ■' 24° •' 3° " 

"2 " 14° " i° " 

■ flliere nwy thus be enormous differences, and I might multiply these 

mples much further. 

The resistance to conduction also undergoes considerable changes upon 
the same part of the integument of one individual, on account of tlie in- 
creasing eflect of the cuiTent, the increased moisture, greater congestion 
of the skin, etc 

This is extremely important in making quantitative teats of irritability 
and may be readily demonstrated at any moment, Although the elec- 
trodes remain in one position, the deflection of the needle noted in the 
beginning becomes greater with the duration of the aolion of the cur- 
rent, tlie number of elements remaining the same ; it increases with 
every renewed closure of the current, still more upon every change of 
polarity, and remains dnolly at a much higher figiu-e than at the beginning 
of the experiment The tliminution in the resistance becomes still more 
atriking, if we allow successively stronger currents to act and then return 
to Inasor strengths of current The intimat« causes of this diminution of 
oonduotion on account of the action of the current itael/ 
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are not yet entirelj apparent ; we may think of the cataphoric action of 
tliB current, of cbanges lo polarization, but especially of the action of the 
current on tlie blood-veBseU of the skin, their dilatation and the greater 
permeation o( the akin with iiuid produced in this maimer, especially in 
the vicinity of the hair (oUiclea, audoriparoua glands, etu. (E. Benaak). 
To this cause probably is due also the fact that, for example, the applica- 
tion of a muatai-d poultice considerably diminishes the reaiatouce of the 
integument to conduction. 

You will be frequently astonished to find how great a resistance to 
conduction the integument of children presents; this holds good to a 
still greater extent with reference to old age ; the C It of the skiu in old 
people is often extraordinarily large, so that, for example, you may with- 
out any risk employ a number of elements even upon the head, which can 
not be tolerated at all by the moat vigorous young people. You will find, 
by means of the galvanometer, that this " tolerance " or " brain torpor" re- 
duces itself, ftH a rule, to a verj' much increased C R of the skin. Thus, 
in one man aged seventy years I was compelled to employ 2i Stiihrer's 
elemciita {the battery being in good working order) in order to obtain a 
sufficient strength of current (30° to 36° deflection of the neeiUe). 

Hence follows the stringent rule that we should form an opinion, bt/ 
vieatta of a few preliminary triala witk the galvanometer, contWTiing the C S 
of the sHh in each individual whom we vmh to es^mine or tmai. 

In comparison with the resistance of the epidermis, the length of the 
portion of the human body included in the circuit need scarcely be oon- 
eidered, or not at all. However great this length may be, it does not much 
affect the strength of the current ; this depends solely on the condition of 
the epidermis at the points of application of the electrodes. It is a very 
striking fact in this connection that upon applying the electrotlea to the 
neck and the popliteal space, the current is very much stronger than if 
the electrodes are placed at a distance of 10 to 15 ctm. upon both ecapulta 
or the lumbar region. 

This is shown by the following experiment : 

A healthy man of middle age ; two " medium " electrodes, A and B, are 
placed in various positions ; a current of ten elements is closed until the 
needle comes to rest, then change of polarity made and a second reading 

I of the deflection of the needle, galvanometer 150 C R. 
: 



. Electrode A in the neck, B in the popliteal space, at a distance of 
100 ctm. ; 

Deflection of needle during first direction of current 19°. 
Deflection of needle after change of polarity 24°. 
, Electrode A on right, B on left lumbar muscles, at a distance of 
10 ctm. : 

Deflection of needle during first direction of current 10°, 
Deflection of needle after change of polarity 15°. 
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8. Electrode A upon atornum, B on inner surface of forearm, at a di&- 
tanco of 50 ctm. : 

Peflection of needle during first direction of current 2°. 

Deflection of needle after change of polarity 8". 
i. Electrodes A and li upon inner surface of forearm, at a distance of 

Deflection of needle during fiirst direction of cun-ent ^°. 
Deflection of needle after change of polarity 2". 

In the ordinary application of the current to the human body, therefore, 
its strength depuuds mainly on the resistance of the epidermis ; everything 
else is subordinate. And as the length of this conductor (i.e., the thi c k n eaa 
of the epidermis) nowhere presents any considerable differences, it follows 
that the area of the latter is alone decisive with regard to tlie strength of 
the current to be attained in the body ; i.e., the extent of the epidermis 
which serves for the introduction of the current into the body — in other 
words, the size of the electrodes applied to the ekin determines in the 
main the strength of the cuiTent. What occurs beneath the epidermis ia 
quite immaterial. 

It therefore follows that, other things being equal, the electrodes must 
be so much larger, the greater the strength of the current which we vrisli 
to introduce intij the body ; tliis can be readily shonii by means of the 
galvanometer on applying electrodes of various sizea. 

As a matter of course, however, the size of the electrodes which may 
be employed also has its limits. The attempt has been made to render 
na indepeadeut, to a certain eitent, of the size of the metallic or carbon 
electrodes by placing underneath them moistened layeru of blotting-paper, 
by moans of which the introduction of the current is to be obtained 
through a large surface of the cpidermia. But this method does not prove 
Tery serviceable in practice. 

4. As a matter of course the current in a closed circuit passes not 
alone through the circuit of closure, but also through the element itttelf, 
its metals and Quids, and, according to it« constitution, naturally meets 
here with a certain resistance. This resistance, which is situated in the 
cbftin itself and caused by its construction, is called the essential resist- 
aace, while that met with in the circuit of closure is called the extra-ea- 
Bcntial resistance. Both are merely parts of the general resistance present 
io the closed cliain and are subject to the same laws. It is therefore also 
true of tlte " essential " resistance that it increases with increasing length 
Wld dimiuiahea with the increasing diameter of the conductor through 
which it posses ; or, in other words, the further the two metals in the fluid 
are separated from one another — the longer therefore the passage through 
the fluiil from one metal to the other— the greater is the resistance (and 
the weaker the current) ; and the larger the surface of the metal nnd the 
»ep«r the metals are immersed in the fluid, i.e., the greater tlie area ol 
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the layers of fluid which must be passed through, the smaller will be the 
resistance (and the stronger the current). The essential resistance also, 
therefore, influences the strength of the current, and the previously men- 

E 

tioned formula should therefore read : I = ^=z in which W is the essen- 

tial and w the extra-essential resistance. 

The strength of the current may then be aflected by a change in three 
factors, the electro-motor power, the essential, and the extra-essential re- 
sistance. The factor which is unchangeable so far as our purposes are 
concerned, is the extra-essential resistance (the human body and its parts 
in the circuit of closure) ; in order to change the strength of current in 
the circuit of closure we must change one of the other two factors, either 
increase or diminish the electro-motor power or the essential resistance. 
A simple consideration will show that, under certain circumstances, we 
may only do one or the other, that both are not suitable for all cases. 

For electro-therapeutical purposes we practically work under two very 
different conditions : in the ordinary percutaneous application of electricity 
the circuit of closure contains the human body, which presents an enor« 
mous resistance, very much greater than the resistance in the chain itself ; 
the extra-essential resistance is here much greater than the essential 

In galvano-caustic applications, on the other hand, the circuit; of closure 
is formed by a good conductor, a metallic wire, and this presents a much 
less resistance than that present in the chain itself ; here the extra-essen- 
tial resistance is much smaller than the essential. The latter event does 
not concern us here ; but the mere mention of the fact shows that in the 
first case a change of the essential resistance remains without any appreci- 
able effect upon the strength of the current, while in the second case, 
with a small extra-essential resistance, the essential resistance is almost 
solely decisive with regard to the strength of the current, and therefore 
changes in it must modify the latter. 

It can be readily shown with regard to the first case that if, for ex- 
ample, we wish to increase the strength of the current, we cannot do this by 
diminishing the essential resistance (enlargement or deeper immersion of the 
metals, closer approximation to one another, etc.), but only by the addition 
of new electro-motor power, i.e,, by an increase in the number of elements. 

For our case, viz. : the percutaneous application of the current, we will 
assume that the essential resistance is 8, the extra-essential 200, then — 

for one element I = 
for two elements I = 
for four elements I = 



W+w 


8+200 ~ 


208' 




2E 


_ 2 


2 
216 


1 


2 W+to 


16 + 200 


108 


4E 


_ 4 


4 
232 > 


1 


4W+W 


32+200 


58' 
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., we Lave almost doubIe<l tlie strength of the current by doubling the 

number of elements, and almost quadrupled it bj quadrupling the number. 

On the other hand, let us assume that, under the aame oonditious, the 

element is enlarged, i.e., the essential resistance is diminished. Assuming 

■jibs some resistance as above, it will be found that in 



E 



1 



an element twice as large I = ^— '- ^-^^ _ ^. 

S that the strength of the current bufl been scarcely affectetL 

This will occur at once, however, if the essential resistance is great, 
I extra-essential resistance small, as in the galvono-oaustic battery. 

iug now that W = 200. w = 8, it follows that 



for one element I = 



1 






200+8 208 
for an element twice as Urge I = ^^— = ^^ - ^^ 5 

for an element four times as large I = r^,, — = -„ , j = =5- 
" iW + io 50+8 58 

% is evident, then, that the intensity of the current is increased by enlarge- 
ment of the elements, but not by any increase in the number of elementa. 

The simple conclusion follows for our pur|>OBeB that, in the percuta- 
ippliccUion of the current /or electro-therajMrntical ohjeclx, a greater 

\neUy <f the current (assuming a given electro-motor combination) can 
obtained by an ijicreasem the number of elements and not by an enlargement 
i^lhe individual elements. 

5. The conception of the density of the current is of special importance 
with regard to a comprehension of the etfecta of the current and ita proper 
procticfti application. 

The experience of physiologiata teaches that an appreciable stimulat- 
ing effect upon the peripheral and central nervous system only occurs 
when the current employed has a certain " density." It is at lea.st proba- 
ble that a similar condition obtains also for the therapeutic effocta of the 
current, that at least a considerable portion of them are alone produced 
when the diseased part is brought under the influence of a current of 
certain density. 

By the term density of the current we understand the relation of the 
strength of the current to the transverse section of the conductor througb 
which it passes. This relation may be understood most readily, as I 
believe, if you consider the matter figuratively, and suppose the electrical 
current to be composed of a large number of parallel tlireads. 

The greater the number of threads composing a current, the greater 
ia tlie strength of the current ; the greater the number of threads which 
are compressed into a unit of the transverse section, the greater is the 
density of the current. If you imagine a current, for example, of one 
Iboosand threads carried through a metallic conductor. 1 sq. ctm., in 
section, and then through one which has an area of 2 sq. ctm., 
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tlie thousand threads in the second case will be dispersed over tvice as 
greftt au area and the current will posseas but half the density, while it 
will have the same strength in both cases. The adjacent Fig. 9, may 
eerve as an illustration. The current ia similar to a girl'a loose liair, 
which may be gathered into a thin coU without changing the number of 
the hairs.* 

It seems that appreciable pbysiologicBl and therapeutical efiiects do 
not begin until the number of threads of current, 
passing through the transverse section of the animal 
tissues, exceeds a certain limit It is therefore impor- 
tant to obtain a clear idea of these relations and to 
render evident those measures by which it is possible 
to bring any part of the body desired under the influ- 
ence of a current of a certain density. 

For this purpose you must, above all, form an idea 
of what occurs with the current and ita threads, when 
we introduce them into the body in the oitlinary man- 
ner, i.e., from two points on the surface of the body, 
by means of electrodes which are applied to those 
parts. A number of tlireads of ciuient corresponding 
to its strength here enters the body, and is dispersed 
in all directions according to Ohm's laws. All the 
threads of the current enter through the surface of 
the electrodes, and ore then spread ovei- the much 
larger area of the body or parts of the body. The 
greatest density, therefore, must always be present in 
the immediate vicinity of the electrodes, and, if tlieae 
are of equal size, the density of the current will be 
equal at both electrodes {vide Fig. 10); if the elec- 
trodes are of different sizes, the greatest density will 
be found at the smaller one, because the same niunber 
of threads of the current are here compressed into a 
smaller space (tnde Fig. 11). 

In the interior of the body the greatest intensity of the ciurent will be 
found in the straight line connecting the electrodes {hecause tliia presents 
the least resistance), the largest number of threa<lR of the current will here 
be accumulated and, therefore, the relatively greatest density of the cur- 
rent will also be found in this situation. But this cannot be very large, 
since, on account of the great area of the body and tlie approsimately . 
equal conductivity of its parts, the density must diminish markedly very 
close to the electrodes. However, in especially favorable situations — for 
example, in transverse conduction through the head vrith tolerably large 
electrodes, or in transverse conduction through nn extremity — a quite 
oonsiderable density of the current may be secured, even In the depths of 
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I tissaes. According to the relatWo position of the electrodes, the zone 
latively greatest densitf of the current between the electrodes will 




vary some what in shape; io transverse passage of the current through 
the body or Individual parts this zone will have the shape of a bellied 
cylinder, exteading from one electrode to the other, as in Fig. 12 ; if, 
on the other hand, the electrodes are placed near one another upon the 
eurface of the body, it will assume the shape of a section of a sphere or 




mder, the base of which corresponds to the surface of the body, as 
lented in Fig. 13. Those parts of the body situated outaide of this 
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zoDe, althoQgli they cootain a certain nmnber of threads of carrent (ao- 
cording to Ohm's laws), nevertheless present such a slight densify of 
current that they may be left entirely out of consideration. 

This subject constitutes the quintessence of electro-therapeutical tech- 
nique. Our object almost always is to localize the current in a certain 
density upon definite parts of the body, and this con be done only by hav- 
ing a clear idea of the facts just developed with regard to the strength and 
density of the current. Upon this depends exclusively the choice of the 
electrodes and their points of application for our various purposes. Yon 
will allow mc to illustrate this by a few important examples. 

If you wish, a, to localize the current with a certain intensity and den- 
sity upon one definite point, not tai removed from the surface, two elec- 
trodes of different sizes are employed, the smaller one being placed aa near 




as possible to the point in question, the larger one (as lai^ as possible) 
at a considerable distance ; the end desired will be attained so much more 
certainly the greater the difference in the size of the electrodes. (If one 
is very small, the requisite intensity of the current must be secured by an 
increase in the number of elements, as the smaller surface of the electrode 
causes a considerably greater resistance.) This is the method employed 
daily in the electrical examination of individual nerves and branches of 
nerves, in local stimulation of these parts or of the motor muscular points 
for therapeutical purposes, etc. 

If you wish, b, to localize the current upon laiger parts near the surface, 
yon should choose two moderately large electrodes of equal size and apply 
them in quite close proximity upon the part of the body in question, so 
that the latter falls within the spherical segment of relatively greatest den- 
si^, as shown schematically in Fig. 13. This method should be adopted, 
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r example, if you (leaire to electrize energetically tha deltoid or biceps, 
the glutusus or vastus intemus or ou enlarged joint, etc. 

If you intend, c, to localize the current in parts situated deeply, the 
electrodes sliould be as large as possible and be placed uijon the part in 
question at tiie greatest possible distance from one another. The closer 
the electrodes are to oae another the greater will be the difference be- 
tween the length of those threads of current which pass superficially aud 
those which pass deeply from one electrode to the other, aud the greater 
the number which will remain near the surface. If the electrodes are 
widely Beparated this difference will become less, and comparatively more 
threiids of current will pass into the deeper parts, as is shown in Fig. 14. 
This method is especially employed in the treatment of the spinal cord, 
which is relatively far removed from the sur- 
face ; the rule here is " large electrodes, widely 
Beparated." 

Or two electrodes of equal size are employed 
and Applied in such a manner that the part in 
question is situated, as far as possible, in the 
straight line connecting them. Tliis method is 
especially adapt«d for treatment of deep-seated 
diseases of the brain (as is shown clearly in Uio 
adjoining tigure), but may also be employed to 
influence circumscribed spots of disease in the 
Bjiiiial cord, for the treatment of morbid pro- 
oesfles situated deep iu the viscera, etc. 

^^^L These three methods of application will suf- !!|^^th"iJi'."o?'™Mn'L* "^ * 

^^^^B under tdl circumstances. 

^^^Vlt is worthy of notice that these conditions of dispersion of electrical 
mirenta in the human body hold good chiefly, as it Bcems. for the galvanic 
current, at least so far as the action upon deeper parts is concerned. As 
Helmholtx has shown, the faradic current appears to act somewhat differ- 
ently in this respect, and does not enter deeply with the same rapidity and 
readiness as the galvanic current. This will explain various electro-tber^ 
peutlcal esperiences, such as the fact that deeply situated nerves and muft- i 
des are much more readily stimulated by the galvanic tluku by the faradio 
current, that the latter docs not produce the expected effect upon tha 
■pioflj cord and brain, the viscera, etc. This is of practical importance. 

I will finally refer briedy to two physical effects of the current, which 
are, perhAps. of no slight significance in electro- tlierapeu tics. 

The first is the electrolytic action of electrical currents, Ton are ao- 
quftinted with all the details of this action, and I need remind you merely 
that in the ])flsaage of the current through certain compound conductora 
(•loctrolytea), these are decomposed into their component jwirts, the latter 

^^^fOJig given off at the two poles— the so-called electro-negative elements, 
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oxygen, iodine, chlorine, etc, and the acids, at the anode, the electro-pod- 
iiye eleraents (hydrogen, potassium, sodium, copper, etc), the alkalies and 
bases, at tlio cathode. 

Similar phenomena also occur in animal fluids and tissues ; as Dubois- 
BeymoiKl, Hermann, and others have shown, the electrolytio pitxsesses 
occur wUenever a current passes from another conductor into an electro- 
lyie, ^liou two electrolytes are in apposition and also in the interior of 
firm iutt»se» which are permeated by an electrolyte and through which a 
curr«»ixt in flowing. The animal organism, when penetrated by an elec- 
trical curt*ont, presents such a condition ; electrolytic processes will there- 
fore tlovolop within it 

Hut il«HH>iii|H>8able fluids, electrolytes, are present also in the elements 

wtiioU |>r<>ihuH» galvanic currents, and these are subject to electrolysis 

ilurii^K tho oh»Murt« of tlie current Ions will be separated in a gaseous or 

m»\u\ fiM'iii at lH>th luotal plates, and new electrical currents thus derelop 

li» the i^liuln. 4^i)f()ol>ling the original main current This process is called 

IMfUi Uuii(>i» of i\w ourrout This is the cause of the inconstancy of the 

(••iUitury aiinplo ohuiuM, Le., that their electro-motor force graduaUy dimin- 

UliM« (Itiiiiii-t tho iHU'iod of closure. You all know of the attempts which 

liate Immiii iihmIo Ui pntvont polarization and produce so-called constant 

iil«>Hi«)f»lo 'l^lti** ^^*^*^ ^><^<^<^ oiTocted in the elements of Daniell, Bunsen, 

Om>v»s. I'ifirtm. I^M'liuu^ho and others. These are matters of the greatest 

iMMwMi fioffi a phyNtcal point of view and for certain technical purposes. 

Kfir our |iiii'|M>MiN. h<>w<ivor, really constant elements are an unnecessazy 
liMiiry, miu'*\ on ilui one hand, even inconstant chains will suffice diuring 
llin aIm'i i |f^rio(l of iho ni)plication of the current^ and, on the other hand, 
nvMi Dm* iMoni ronMtant (^loincnts can never succeed in producing an ap- 
t9fitn\iuiiU\y rounUuii ourn^nt in the human body. 

'\Ut^ vftf loiiM forniH of current produce very different degrees of electro- 
|yfi/t M/'tion ; \ty f/n* the greatest is possessed by the galvanic current^ 
ittut'U K'AM tiy ()i<i niri^nieto-eloctric induction current, and still less by the 
fMt^Uf^ rurnrit This is supposed to depend on the very different dura- 
f.|ofi tit iJiitwj currvniH. 

'f'hii oihor physical effect to which I wish to call attention is the 00- 
/•fill/wl ini^f^lianical or cataphoric action of the electrical current It is pos- 
niKly of ^frtifit importance in therapeutics and depends upon the fact that 
/Ini inf/ th/^ i>aHwif,^e of a current throujjh an electrolyte contained in porous 
h/#/|K ^, fluid is impelled from the amxle to the cathode, t.e., in the direc- 
f ,/,f» f>t f h^5 [Kwitive current. Tlie amount of fluid moved in the porous 
\^r\y in a nnit of time is sc^* much lanror the stronger the current and the 
t^^fftr t}.f! r^onductinpr jx>wor of tho tluid. Firm particles, suspended in 
fr./- ^ ». 1 ^re said to move in tho oplx^sito direction to the fluid itself. It 
»4 *-/. !^r/ that tho animal tissues aiv ivnstnioted in such a manner as to 
*i^/-^ the production of these cataphoric efiects. 
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LECTURE IV. 

of Eleotrioal Currents on the Healthy, Living Body—Eleotro-PhTsiologj of the 
Motor Nenres and the Musoles — Stimulant Action — Ptiueger*8 Law of Contraction 
— Action of the Poles— Law of Contraction of the Motor Nerves in the Living 
Body — Polar Method of Examination — Law of Polar Contraction and its Different 
Grades— Faradic and Galvanic Reaction of the Mnsoles — Electrotonic Phenomena 
— Electrotonns in the Living Body— Modifying and Exhilarating Effects. 

I NOW pass to the discussion of the physiological effects of electricity 
upon the living body. We will first investigate in what manner the elec- 
trical current influences the individual organs of the human body under 
physiological conditions, and what consequences follow its application to 
these parts. Important deductions may thence be drawn, both with re- 
gard to diagnosis as well as treatment of morbid conditiona The elec- 
tro-physiology of the nervous system and of the muscles teaches us a large 
number of most important and interesting facts, and has led, in many re- 
spects, to a depth and exactness of knowledge, such as are scarcely ex- 
celled in any other branch of physiology. 

The action of electrical currents upon the motor nerves and muscles 
is best kno^^ and has been most thoroughly studied. 

I turn first to the motor nerves, paying special attention to the stimu- 
lating effects of electrical currents upon them. 

It is a fact which can be demonstrated at any moment that the motor 
nerves of man or the vertebrates, either laid bare or tVi situ, can be irri- 
tated by the application of electrical currents (faradic or galvanic), and 
that this irritation makes itself apparent by a muscular contraction (in the 
muscle supplied by the irritated nerve). 

This irritation is determined by the law formulated by Dubois-Rey- 

mond : " The absolute amount of the density of the current at any certain 

moment does not act as a stimulant to the motor nerves, but merely the 

change in its amount from one moment to another, i.e., only the variations 
3 
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in the density ; these act so much more powerfully the greater they are 
in a unit of time, or, their amount being equal, the more rapidly they 
occur ; most powerfully, therefore, upon sudden closure and opening of 
the current." It therefore follows that, as a nile, a constantly flowing gal- 
vanic current does not produce any stimulation during its duration ; fur- 
thermore, that very gradual diminution or increase of the current remains 
without any visible, stimulant effect, even for a great strength of the cur- 
rent ; and finally, that simple variations of density, the current remaining 
closed, may act as a stimulant, provided that such variations^ occur in 
sufficient aniount and with a certain rapidity. 

Hence follows, also, the vigorous irritative effect of faradic currents 
upon the motor nerves, because they are composed of currents of very 
brief duration and thus produce very considerable and very sudden varia- 
tions of density. If induction currents are allowed to act upon the motor 
nerves, each one will be followed by a short muscular contraction, corre- 
sponding to the strength of the induction current ; the contractions, 
therefore, are more vigorous during the opening than during the closing 
cuiTcnt of the secondary spiral. If a series of such currents act upon the 
nerves, an identical series of muscular contractions will follow ; if the suc- 
cession of these irritants attains a certain rapidity, the individual contrac- 
tions will be coUected into a single permanent, so-called tetanic contrac- 
tion. It is unnecessary to enter into the details of the irritant effect of 
faradic currents ; it will suffice to mention that usually the individual in- 
duction currents act merely like closure of the current, the opening pro- 
ducing a scarcely noticeable contraction. 

Every sufficiently large variation in the density of a galvanic current, 
if conveyed to a nerve, produces an irritation of the nerve and at the same 
time a muscular contraction ; this occurs most certainly during the varia- 
tions of density connected with making and breaking the cuiTent. It was 
early recognized that the stimulant effects upon opening and closing ciur- 
rents of various strengths, and also on changing the direction of the current 
in the nerve, are vei7 different, and much labor has been devoted to dis- 
covering the relations of these differences. These have been formulated by 
Pflueger in his law of contraction. This law— which holds good only when 
the nerve is laid bare and well isolated — is as follows : 

With weak currents, in both directions, contraction occurs on closure 
alone, but none is produced on opening ; the contraction on closure of the 
ascending current is somewhat stronger than that of the descending ; 

\Vith moderate currents, contractiotos occur on opening and closing in 
both directions ; but the former are always weaker than the latter ; * 

With iyertj strong currents (such as are never employed upon human 
beings), contraction occurs on opening but none on closure of the ascend- 
ing current ; and it also occurs on closure but not on opening of the de- 
scending current 
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All these phenomena smd phases of the law of coatraotioo are boseJ 
npDu well-founded facte. The most important of theae ia that ihe irritar 
tive effect of the galvanic current occurs only at the poles and starts from 
tlicm ; tbe irritatiou on closure occurs at tlie cathode alone, on opening at 
the anode alone. Pflueger ako found that the irritant at^tion of tjie cath- 
ode ia greater than that of thu anode, and tliuy the irritation at the closure 
of a certain current ia greater thau at the opening. It was further fo|^ud 
that the more central jiortion of a motor nerve is more irritable than tiie 
[>eripheral portion and, finally, that with 'very strong currents considerable 
regtstauce to the propagation of the irritatiou occurs at both poles, and in- 
creases with the strength and the period of closure of the cuiTent. Pflue- 
ger 'a law ia thua eiplained in the aimpleat manner : with wealc currents, 
contraction occurs only nn closure in both directions of the current, be- 
cause contraction on closure is the stronger and nppears lirst ; coutraction 
OD closure of the ascending current appears somewhat earlier because the 
central part of the nerve on which the cathode ia placed ia somewhat 
more irritable. When the current ia modfralclif sfronf/, the closure con- 
traction in both directions of the current is stronger than the opening 
contraction on account of the predominant irritative eSect of the cathode. 
When the cuirenta are wry ttrong, the reaiatance to conduction, which 
develops at the poles and disappears but slowly, inhibits the propagation 
of the closure irritation when the cuirent ia ascending, and Uia propaga- 
tion of the opening irritation to the muscle when the current is descend- 
ing, and thus produces the peculiiu* third stage of the law of contraction. 

It follows from the previous remarks that the ]>heuomena of the law of 
contraction depend alone upon the different effects of the two jwlea, and 
that the irritation on closure (Ca action) ia considerably greater than that 
on opening (An action). 

When the current ia strong, ita closure ia not followed by a simple short 
oontruction, but often by a long-drawn tonic or tetanic contraction which 
gradually subsides (i;l«sure tonus or closure tetanus, C Te), An entirely 
fuitisfnctory explanation of this phenomeuon has not been offered, and I 
luive roferrcd to it becaose it is readily produced in the human subject. 
Opening tetoniu, i.c, a rigorous opening contraction of a tonic, protracted 
cluuacter occurs only in such nerves whose irritability has been very much 
increnseil ; it is readily eiplained by Pfluegcr's law of electrotonus. In 
Ihc human subject it occurs with extreme rarity and, as it seems, in potbo- 
logtcnl cases alone. 

Pfiupger's laws also explain another phenomenon which was first known 
as Volla's alt«rnativos ; if the current has been closed for some time in on« 
direction, the irritabiUty of the nerve is increased to opening in the some 
direction or closuri; in the oppositfi ; repeated changes in the direction of 
the current therefore produce a considerable increase in the amount of 
eontractjou. This cannot be entirely explained by the diminutioD in the 
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redetance to conduciion, but rather by the Bnmination of the irritatiog 
^Esct of the anode (disappearance of anelectrotoDiis) and of the cathode 
(development of catelectrotonus) at one part of the nerve (alternating at 
each change of polarity) . 

Bumpf has recently shown, by a series of physiological experiments, 
that, in a motor nerve which is still connected with the central organ, the 
opening contraction of the ascending cnrrent occnra considerably later 
than in one which is separated from the central organ. This is observed 
occaeionally under pathological conditions. 

I vrill add further that motor nerves are entirely non-irritable to the 
strictly transverse passage of the current (faradic or galvanic), and also to 
very short (under 0.0015 second) galvanic currents, a characteiiatio, how- 
ever, which is much more marked in muscles. 




For the practical physician, however, the question arises whether the law 
of contraction can be demonstrated upon the motor nerves of the living and 
healthy human being. Experience teaches that this is possible, despite 
the great obstacles presented. But our experiments on this subject can- 
not compare in exactness with those of the physiolt^st. We have to deal 
with nerves which are surrounded by more or less thick layers of good con- 
ducting tissues and which are followed by a large number of the threads 
of current ; we cannot therefore maintain uniform density of the current in 
the nerve. The greatest density of the current will be found immediately 
beneath the electrodes ; even in the intrapolar portions of the nerves, the 
density will soon become so slight, if the electi-odes are not closely ap- 
proximated, that a part of the nerve may be regarded as not traversed by 
the current And it vrill be impossible to mainttin a definite, single di- 
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tioQ of the current in the living nerve, surrounded as it Is by Boft parU. 
A glAnce at the adjoining plato (Fig. IG}, will hUow that in ordinary per- 
cutaneous application, not less than three. ]>erhap8 even four efficient 
directions of the current must be present in such a nerve. 

The direction of the current mufit therefore be left out of considera- 
tion ; ne must endeavor to find a law of contraction of the living motor 
nervcB in the healthy body, without any reference to the direction of the 
current 

In fact, there is no doubt that the problem nmy be dinplified by 
merely testing the action of the poles in the living human being. This 
problem is solved without much difficulty. If but one pole is brought 
into the immedinte vicinity of the nerve to be tested, and the other re- 
moved as far as possible, the density of the current under the first pole 
^Hnin be so great that it^ action will be brought into play almost cxclu- 




■tvely, this may then be ex&mined separately on closure and opening, mad 
with ui increasing strength of current. This ia the so-called polar metllod 
of cxitmination from which Brenner developed also a polar method of 
therapeutics. 

But this method also presents difficulties and peculiar) lies. We can 
by no means produce an entirely isolated action of the poles in any nerve ; 
if the current enters a nerve at any point (thnt is, if there Is an aiiod« 
at any part of the nerve) it must make its exit at some other, perhaps at 
wioas places {i.e., it mnst have a cathode somewhere). It will depend 
atdely upon the denaity of the current of exit in how far this second, 
virtual, pole comes into phiy. In fact, a glance at Fig. 17, will show that 
sn isolated pole placed upon a nerve must have not alone one, but even 
e poles in its immediate neighboriiood. It the coirent enten 
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through the anode in a certain deDsitj the threads of current will flow 
along both directiotta of the nerre with diiuiuitihiug density ; the cathode 
may be regarded as present at the point at which the densitj has become 
BO filight tliat the current is ineffective. Every nuode is therefore sar- 
rounded by two cathodee of much leaa density, and the reverse occurs 
when the isolated cathode is applied to the nerve. Under all circuin- 
atauces, io this method of application, in addition to the action of the 
pole applied directly, we must therefore expect to find the action of the 
opposite pole, though very much enfeebled- 

Iq the polar method of esamination one electrode, termed the " active " 
one, is brought in as close approximation as possible to the nerve to bo 
examined, and then connected, as desired, with the An or Ca of the bat- 
tery. The other or " indifferent " electrode is placed on some remote 
l>art of the body (sternum, spine, epigastrium, pophteal space) ; I always 
employ the sternum, to which the electrode can readily be applied by the 
person examineil. 

The requisite making and breaking of the circuit are best done by 
means of the metallic polarity changer ; if the Ca is on the nerve and the 
circuit is closed this is called " making a cathodal closure," Ca CI ; if the 
circuit is opened, " cathodal opening," Ca O ; and similarly with the anode. 

It is best to begin (with a definite slight strength of current) by ex- 
amining Ca C in about three closiires, and at the snme time observing Ga 
; An C and An O are then examined in the same manner ; to secure the 
opening contraction it is a<lvi8able to keep the current closed for a little 
while, as this increases the irritability on opening the circuit. With an 
increasing strength of current we then examine at what intensity the vari- 
ous forms of contraction are produced, and cau then arrange them in a 
formula, in which the various degrees of contraction are represented as C, 
G, G", or C, CO, CCC, etc., according to the strength of the contraction. 
In making these examinations you should employ the greatest similarity 
and regularity of method, because iiu this way alone can you arrive at re- 
sults which may be compared with one another and can avoid, to a certain 
extent, the numerous sources of error of such investigations in the human 
Hubject 

By this method you may readily demonstrate, in the majority of tJie 
motor nerves, tliat the cathode chiefly produces stimulation on closure, tlie 
anode diirjly on opening ; you will also find that the stimulant action of 
the cathode is much greater than that of the anofle. 

From these statements it is evident that the first contraction which oo- 
cura upon stimulation of a motor nerve is Ca CI C. As an illnstration let 
us take the ulnar nerve. Tou will find that, perhaps with eight elements. 
Ca CI C first develops, but no contraction occurs at Oa 0, An CI, and 
An O ; with ten elements, Ca CI C becomes stronger, and a feeble An 
CI occurs ; perhaps also a feeble An O C. With twelve elements, Ca 
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CI C beoomes very active, perhaps nBaumex a slight tonic character (weak ' 
Ctt CI Te), An CI C and An O C become stronger, especially the latt« ] I 
Ca O is still inefficient. Fioally, with fourteen, sixteen, or eighteen ele- 
ments, you will observe Ca CI Te', An CI C, An O C, and finally diatinot ' 
Ca C, though tlils always possesses little strength. 

We may therefore distinguish three stages of the law of contracUoit. 

First 8t»^e (feeble current) : Ca CI C. 

Second stage (moderate current) : Ca CI C stronger. An CI C and 
An O C also occur, both of approximately equal strength, though some- 
liraea one, sometimes the other develops a little eorher in different nerves. 
The latter differences are undoubtedly due to the anatomical position of 
the nerves and to the density of tlie threads of cuiTents producing the 
secondary polar action which is dependent thereon. 

Third stage (strong current) : Ca CI C becomes tonic and ^ Ca d 
Te ; An CI C and especially An O C become more powerful, and at ths 
same time weak Ca O C occurs. 

Further stages do uot occur in the living, healthy individual ; a stM 
higher stage would be the occurrence of anodal opcniug tetanus, but this 
has not been observed to my knowledge in tbe healthy motor nerves of 
mun. With verj- high strengths of current, it is easier to produce a alight 
prolongation and ftinic character of An CI C. 

In formulating the law of contraction, Brenner has introduced a ftry 
simple and practical formula, which contains the six possible stimulant foo- 
tt)rs (Ca CI, Ca D = cathodal duration, i.«., the period of olosure of th« 
circuit ; what is termed closure t«tanus is a Ca D reaction, and Ca O, An 
CI. An D = anodiU duration, An O), nest to which the strength and dura* 
tion of the contriwtioiis may he appended in a manner readily understoorl, 
The following is the formula for the three stages of the law of motor oon- 
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■ "Th« above mentioned facts will be made clearer, perhaps, by the sobe- 
nstjo rwpresentatios of the different strengtlis of tiie contractiona in the 
individunJ factors of irritation. The strength of the individual contrac- 
tions in any nerve is, caturi^ paribim, the product of the amount of irrit&- 
tjon of the acting pole (T) and the density of the current at the point of 
irritation (D). i.(^., C = I D. We will usnume that the amount of irritation 
of the Cu ^ 1, of Uie An = ^. Wo will also assume the density of the 
t at the active electrode (in the most shaded port of Fig. 18) = 1, 
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and, on Oie other band = ^ at the point of Meondan- pnlmg. 
lightly ahadod parts abore the electeode). »~™«- 

If the C« i« the active electrode, it acta apon dosnre of 
with an amonnt of imtation 1 and denaity 1 ; Ca CI C ia thewiT™ "^^ 
and baa the rtrength 1. Upon opening the cnrrent. tbo^^J^^ ^ _^ 
oceora at the Tirtaal An with an amoont of imtation of «,« aI — *• "*^^*" 
density i- Ca C accordingly ia i x f and haa a atrongth x^ ~ * "^ • 

If the An i« the active electrode the atimalation opoa (JoBozn 



(intfaa 



auToit 
' I, 




npoo DDlpolar uppUatlDii at ths ' 



current occurs at the virtual cathode, with an amount of irritation of th 
Ca = 1 and density J ; An CI C accordingly ia 1 X i and has a streiiirtLT 

Upon opening the current the irritation occura at the An itaelf wiui 
' an amount of irritation i and density 1 ; An O C accordingly is *■ x i ^nd 
has a strength ^. 

For a definite strength of current, the amount of contraction with the 
ToriouB forms of stimulation may be accordingly formulated aa follows - 

CaClC = 4 
An CI C = 2 
AnOC = 2 
Ca C = 1 

The electrical irritability of the voluntary muscles has long been a sub- 
ject of dispute and never-ending labor to the physiologist. The much-dia- 
puted quostiOD whether the muscles possess irritability independent of 
the motor nerves (or more properly stated, whether the undoubted ii-rita- 
bility of tlie muscles can be brought into action by other means than 
through the motor uerves) appears to be settled finally, and the occurrence 
of muscular irritability to be established beyond a doubt. This question, 
of purely theoretical interest to the physiologist, has a not inconsiderable 
significance to tlie pathologist, since, apart from pathological irritative pro- 
C08B08 in the muscular tissue itself, we meet not infrequently with morbid 



PIiySIOLOOJCAL tNTBODUCTION. 41 

procesMH in nliich muscular irritability is derooustrable apart from idl 
action on the part of the motor nerves, und can be emploved hy us for 
itnportaut dingnoBtic aud progitOBtic purposes. 

It has been found by physiologists that Daboie-Reymond'a law of 
Btimulation also boldu good for the rauBdes. 

The muscular tissue reacts much less than do the nerves to eurrenta of 
ver}- short duration ; its irritation by faradic currents is therefore somc- 
-what more difficult than by galvanic. 

But the faradic current acts upon the muscle, as upon the nerve, vrilL 
a contraction at each single induction stroke of a certain strength, and 
with a tetanic contraction upon a rapid succession. 

The law of galvanic contraction of (he muscles appears to be entirely 
analogous to that of the motor nerves, and to depend upon the fact that 
the closure stimulation occure alone at the Ca, the opening irritation alone 
at the An. With a moderate slrcngLli of current closure and opening con- 
tractions occur at both poles, but the latter are much weaker and often 
entirely absent ; an opening contraction only occurs regularly n-ith greater 
strength of current and Tery prolongeil duration of closure. With strong 
currents a certain degree of shortening of the muscles remains after the 
closure as well as the o]>ening contraction (closure aud opening duration 
contraction). 

The exnminatioa of direct muscular irritability in the human subject 
meets witli special difficulties, nnd we possess very little definite knowledge 
on this subject. 

The living muscles react with more or less vigorous tetanic contrac- 
tion (according to the strength of the current) to faradism. and with single 
iwntractions to individual induction current*. This occurs so much more 
readily the closer the electrodes arc approximated to the points of en- 
trance of the motor nerve- branches into tlie muscle, or touch these direct- 
ly (motor points). Ui>on this depends the method of local faradization of 
the muscles. 

The galvanic reaction of the muscles occurs in such a manner that 
they respond to stimulation M-ith both poles by a closure contraction alone, 
the opening contraction being absent or obtained only exceptionally. Tlie 
latter fact is perhaps explained by the slight irritability of the muscles U> 
the short opening irritation. The closure contractions are short nnd vig- 
orous, but frequently they do not seem to me to be as prompt' as after 
irritation of the nerves ; they often show a slight tendency to tonic oon- 
traction, but are never markedly slow. 

But Ca CI C is not much greater than An CI C, and this is n distinct 
difference from the normal condition of the nerves. 

To a certain extent, an isolated irritation of the muscles of the body 
by the galvanic current, a local galvanization, may be effected, and is 
D the same principles and methods as local faradization. 



42 



ELECTRO-TnEIIAPKUTICS. 



A Hecond, verj important group of effects of the electrical current ujxin 
the motor nerrea are the so-called modifjiug, irritability changing, electi-o- 
tonic effects. We mean those effeuts of electrical, especioUy galvanic, 
currents which are expressed by a change in the electrical, thermal, or 
mechanical irritability of the motor nerves (and muBcles) during the 
[inasage and after the cessation of the current ; these are includeil under 
the term electrototiic phenomena. 

The following are the essential features of the doctrine of electro- 
tonua : 

A galvanic current passing longitudinally along a motor nerve (polar- 
izing current) changes its irritability along the entire length moat markedly 
in the vicinity of both poles. At the cathode and its vicinity the elec- 
trical, mechanical, and thermal irritability ia increased (cateleetrotonua) ; 
at the anode and its vicinity it is diminiiihed (anelectrotouua). Both in- 
crease 'with the dui'ation and intensity of the polarizing current ajid 
touch one another in an indifferent point o( the intrapolar region. The 
change of irritability ia greatest at the electrodes and diminishes In a 
curve on each side ; within the intrapolar region this curve cuts the line 
of co-ordinates at the indiQ'ereut point. 

Upon breaking the polarizing current the negative modification of the 
irritability of the anode (onelcctro tonus) is changed at once to a very 
marked positive modification, which requires some time for its disappear- 
nnee ; at the Ca, on the other hand, a brief negative modification of 
irritability first occurs, but very rapidly paasea into a vigorous poaitive 
modification with increase of tlie irritability, and then gradually returns to 
the normal condition. After breaking the polarizing current, therefore, a 
more or leaa prolonged increase of irritability persists at both poles. 

Many attempts have been made to demonstrate the electrotouic phe- 
nomena in the hving human subject, and these attempts may, in the main, 
be regarded as successful. 

However, the firet attempts made by Eulenberg and by myself fur- 
nished diametrically opposite results. Eolenberg's result coincided en- 
iirely with tlioae obtained by phyeiologiats ; mine showed iliminution of 
iiritability near the Ca, increase of irritability near the An. But I am per- 
fectly satisfied with regard to the correctness of my results. They are ex- 
plained by the dispersion of the cmrent and the rapidly diminishing 
density in tlie vicinity of the polarizing electrodes, i.e., by the two virtual 
electrodes of an opposite sign which are present in the neighborhood of 
each electrode (mWe Fig. 17). If, in view of these considerations, I placed 
the irritating electrode immediately at or within the polarizing electrode, 
regular catelectrotonua and anelectrotonus was presented, as in jihysiologi* 
caI experiments. Tlieae phenomena have also been studied by others, 
though unsatiafactorily, and a review of the entire question is desirRbla 
For the preaent we may remain satisfied with the result that it is posdUe 
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to demonstrate the electrotonic phenomena upon the motor nerves of the 
living human subject. But we recognize the fact that the conditions are 
much more compUcated than in the isolated nerve-muscle preparation, and 
that we are unable to polarize longer stretches of the* nerve in a uniform 
manner. Indeed, as shown in the adjoining figure (Fig. 19), we always 
obtain a series of not less than six — or in unipolar stimulation, at least 
three — anelectrotonic and catelectrotonic portions of the nerve. 





Fio. 19. — Scberaatio r e p r cj w u tatkm of varyinfr polarization of the nerre in bipolar porcntaneoiui applioa- 
tioa of tlie «i6 0tr o d «a. The anelectroConlc parts aro shaded transvenwly , the cateleclrotonio parts Tertlcal.y. 

Of more importance to the therapeutist are the more or less persistent 
effects which remain after opening the circuit, i.e., the — perhaps permar 
nent — modification after opening the polarizing current Phjsiolog}' 
teaches that^ under these circumstances, an increase of irritabihtj remains 
at both poles ; but the rapid return to tlie normal condition is by no 
means very promising with regard to permanent changes under patho- 
logical conditioms. 

The attempt has been made to demonstrate this positive modification 
upon the intact nerves of the human subject. Remak, in his experi- 
ments, came to the conclusion that cathodal duration produces a positive 
modification of Ca CI C, but this occurs after anodal duration to a slighter 
degree, and only when the experiment is modified. These results need 
Yerification ; their real utility in therapeutics is very problematical 
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Electro physiologfj of the Sensory Nerves and Nerves of Special Sense — Sensory 
Nerves of the Skin and their Law of Contraction — Sensory Nerves of the Muscles 
— Optic Nenre and Retina— Acoustic Nerve and the Nervous Auditory Apparatus 
— Nerves of Taste— Nerves of SmelL 

With regard to the sensory nerves of the skin the question arises 
whether the galvanic current stimulates them by its continuous passage 
or by variations of density alone. At all events, the application of a suffi- 
cient strength of current to the skin causes a continuous sensation, a pecu- 
liar pricking, and this soon passes into a uniform burning which may in- 
crease to the most severe pain. A large share of this sensation, especially 
the uniform burning, may be due to the irritating effect of the chemical 
substances which are set free at the surface of the body by electrolysis : 
another part is probably due to the direct action of the current upon 
the sensory apparatus in the skin. Many physiologists lean toward the 
view that the sensory terminal organs react differently to the current than 
do the conducting paths, that they are not alone stimulated by variations 
of density, but also by the constant passage of the current This is, to a 
certain extent, negatived by the fact that continuous irritation of a nerve 
trunk causes a continuous eccentric sensation in its region of distribution. 

It is well known that experiments on animals throw a very imperfect 
light upon the phenomena observed iu the sensory nerves. A so-called 
laiv of contraction of these nerves has only been obtained in a round- 
about way, inasmuch as the reflexes occurring upon irritation of them 
(in slightly strychninized animals) were employed as indications of the 
sensory irritation. By means of this method Pfiueger found the law of 
contraction of sensory nerves to be in complete harmony with that of 
the motor nerves, mutatis mutandis, i.e., with the differences necessarily 
produced by the direction of the conduction in sensory nerves (for the 
third stage). 

In the sensory nerves of the human subject, however, it is evident 
that the polar method of examination is the only one which can be em- 
ployed, and that the problem consists in determining the reaction of these 
nerves at both poles on making and breaking the current, and with dif- 
ferent strengths of current. I have recently shown that there is a striking 
similarity in these respects to the law of polar motor contraction. 
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The senaory ii-ritationa produced by tha galvanic current appear not 
alone in tliat piwt of tlio skin covered by the active electrode, but also in 
the region of diatribution of those sensory nerves of the skin whose trunk 
lies within the boundary of thia electrode. With a gradually increasing 
strength of current, a brief Ca CI sensation first develops, which, with a 
Htronger current, posses into n peroiauent pricking, eccentric, and local 
Hensation, whose intensity gradually diminishes during Ca D ; then fol- 
lows a ainitlar feebler, short An O sensation ; somewhat Inter a feeble An 
CI sensation, which only passes into an An D sensation with fitill Btronger 
currents ; finally, with a relatively great strength of current, if the Ca D 
jteuantion has been allowed gradually to subside, a feeble, but distinct, 
Ca O sensation develops {during the entire esperiment a lively burning 
sensation is felt in addition to tlie pricking one, and is confined exactly 
to the surface of contact of the electrode). Here also it is evident that 
the Ca chiefly produces closure reaction, the An opening reaction, and 
that the stimulant effect of the Ci( predominates markedly. 

Tlic sensation produceil by the action of the faradic current upon tha 
nerves of the skin is a peculiar one ; every induction stroke causes a 
abort, sticking eenantjon, which inci-eosea, if the armature vibrates freely, 
to a continuous pricking, and (especially under the use of di^- metal elec- 
trodes, or tlie metallic brush) to a burning and vcr^r painful sensation. It 
a sensory neno trunk is directly irritated, a peculiar eccentric pricking 
sensation is felt in the entire region of diatribution ; thia is much stronger 
on irritation with the Cn of the opening current thou with the An. 
Individual strokes of the current are not so p[unful as rapidly repeateil 
ones, and the intensity of the faradic scusation or the p^in increases with 
the rapidity of the interruptions. 

The sensory nerves of the muscles cannot be readily examined when 
isolated, except in muscles which have been laid bare by wounds, etc. or 
in complete anicstheaia of the skin, and under these circumstances a 
sensory impression has never been observed lu the muscles without a 
nimultaneous contraction. Eveiy vigorous muscular contraction is ac- 
eonipanied by a distinct sensation, wliich has nothing in common with 
tegtimentjuy sensations and may increase to actual pain during tetanic 
ooDtmction ; this constitutes the electro- muscular sensibility. It is a pecu- 
liar, dull, tensile sensation, which is directly proportionate to the muacil- 
hu- contraction. This sensation also becomes distinct with strong galvanic 
currents, as soon as they produce a tetanic contraction of the musclea. 

Much more interesting results are furnished by electrical examination 
of tbe nerves of special sense, or ratlier the organs of special sense (we 
have to deal chiefly with the stimulation of terminal apparatus, retina, 
ooDcba, semicircular canals, etc.). As a matter of course such eiperi- 
raeats can be made u^ion the human subject nioite, 

I to electrical irritation of the organs of special sense, it 
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may be premised that they react very slightly or not at all to the ^uradic 
current 

On the other hand, these organs react to the galvanic current with 
comparative, in part with extreme readiness, and they do this by their 
specific sensations ; it can be easily shown that these sensations are de> 
pendent on the influence of the two poles. It is self-evident that we 
always have to deal with a direct galvanic irritation of the neiTous appa- 
ratus of the special senses in question. 

The eye, t.^., the optic nerve or retina, reacts most readily to the 
galvanic current. You need simply pass a very weak current through the 
temples or cheeks, and flashes of light will appear on making or breaking 
the current, their intensity becoming greater with the increase in the 
strength of the current. The same observation may be made if somewhat 
stronger currents are applied at a distance from the eye, upon the neck or 
even the chest and back, thus showing the great sensibility of the retina to 
galvanic currents. Helmholtz describes very accurately the sensations of 
light and color in his variously modified experiments, and endeavors to 
explain them upon the basis of electrotonic laws with reference to the 
direction of the current in the retina and the fibres of the optic nerve 
situated therein. 

But it is useless to attempt to explain the variations in the sensations 
of light by the difference in the direction of the current The anatomical 
arrangement of the optic nerve fibres in the retina renders such an at- 
tempt hopeless. 

Brenner has shown that the galvanic stimulation of the nervous ap- 
paratus of sight is essentially a polar action, and he has formulated the 
following law : 

At the application of each of the poles to the eye, a lightning-like 
sensation of light is felt upon making and breaking the current, though 
differing qualitatively (different colors) ; the sensations of light and color 
at Ca CI are qualitatively like those at An O, and those at An CI like those 
at Ca O ; for example ; 

Experiment a. Experiment &. 

Ca CI : reddish light whitish yellow. 

Ca O : bluish light blue. 

An CI : bluish hght blue. 

An O : reddish light whitish yellow. 

With a current of moderate strength, the sensation is that of a sudden 
glow of Hght, like heat lightning, illuminating the dark field of vision 
and (sometimes with difficulty) permitting the recognition of a more oar 
less distinct color ; this may be so decided that both poles may thereby 
be distinguished from one another after a little practice. 

In many individuals with good powers of observation a farther diffisren* 
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tiation occurs, inasmuch as a bright-colored, shining patch appears in the 
centre of the field of vision ; this is surrounded by a paler glow of light, a 
sort of dide. This is shown by the following illustration : 

Ca CI : blue centre, yellowish green rim. 
Ca O : yellowish green centre, bright blue rim. 
An CI : yellowish green centre, bright blue rim. 
An O : blue centre, yellowish green rim. 

The colors vary greatly in different persons, but they are always alike 
in the same individual. 

The chief phenomena of the galvano-optic reaction in most individuals, 
who possess a certain gift of observation, can be obtained with readiness 
with a very slight strength of current (4-6-8 elements, the indifferent 
electrode being placed upon the neck or sternum, the active one upon thn 
closed lids or the temples, in a moderately darkened room). 

It is noteworthy from a theoretical point of view that Ca CI and An O, 
and also Ca O and An CI, produce qualitatively identical sensations. The 
condusion might be drawn that Ca at opening and An at closure have a 
definite stimulant effect different from the closure stimulation of Ca and 
opening stimulation of An ; but it is more correct to assume that the 
difference is due to a change in the locality of irritation in Ca O and An CI, 
since these must be regiurded as secondary polar effects (of the virtual 
An and Ca). 

It would be interesting and important to know whether the galvanic 
visual sensation occurs from irritation of the retina or optic nerve, or from 
irritation of the layer of nerve fibres in the retina, but this question is still 
undecided. 

I will also make brief mention of the reaction of the iris to the electri- 
cal current. Its muscular tissue reacts promptly to the faradic curreut, 
and, by a suitable arrangement of the electrodes, the sphincter pupilla* and 
dilator pupilla) can be made to contract separately ; this can also be douo 
bj stimulatiug their nerve tnmks (motor oculi communis and cervical 
sympathetic). 

The latter has not been effected hitherio in the human subject ; the 
direct stimulation, also, has been tried by ver^' few (Duchenne), and is 
only possible in chloroform narcosis or an«a?sthesia of tlic cornea. Two 
fine wire electrodes (best armed with the same pole, the other being placeil 
upon the trunk) are applied 2-3 mm. from the edge of the cornea ; with a 
sufiEkaent strength of current, marked contraction of the pupil will occur. 



Attention has long been paid to the galvanic stimulation of the audi- 
tory apparatus, but it was reserved for Brenner to demonstrate its law of 
contraction. 
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Stimulation of the acoustic nerve in healthy persons is not easy ; the 
nerve is situated so deep that quite strong currents are necessary to pro- 
duce irritation, and these give rise to such disagreeable auxiliary phenom- 
ena (from irritation of the eye, sensory nerves, nerves of taste and saliva- 
tion, facial nerve, and especially the brain) that many healthy individuals 
only accustom themselves gradually to observe the auditory sensation& 
Were it not for the fact that so many patients suffering from ear diseases 
present a very marked increase of galvanic irritability, we would, per- 
haps, still be searching for the law of stimulation of the normal auditoir 
apparatus. With perseverance, however, this can also be determined in 
the majority of healthy individuals. 

This is done at present by the so-called external method; a lar^^e 
moist sponge electrode (" medium size ") is placed immediately in front 
of the auditory canal, pressing slightly upon the tragus, but without oc- 
cluding the canal or filling it with vrater. The indifferent electrode is 
placed on the back of the neck. The strength of the current being in- 
creased, repeated cathodal closures, at times An CI are made, or, if the 
instability is very slight, repeated changes of polarity ; the person ex- 
perimented upon is directed to pay close attention to his auditory sen- 
sations. * 

An extremely simple formula will thus be elicited ; the normal auditoir 
apparatus only gives a sensation at closure upon irritation with the Ca, 
and only at opening upon irritation with the An, the former being much 
stronger and appearing earlier than the latter. The normal formula of 
the acoustic nerve, therefore, with a moderate strength of current is: 
only Ca CI S (sensation of sound) ; with a stronger current, it is the fol- 
lowing: 

. Ca CI S, loud sound. 

Ca O, nothing. 

An CI, nothing. 

An Os, feeble noise. 

The quality of the sounds varies somewhat, but not so much in healthy 
individuals as in those suffering from ear diseases. Healthy individuals 
usually hear a more or less loud whistling or hissing, or perhaps a roaring 
or buzzing. The An O reaction is usually very feeble and short. With 
increasing strength of current, the auditory sensations increase in inten- 
sity, distinctness, and duration, and assume a more musical or whistling 
character. 

We find in this nerve of special sense that the physiological law of dif- 
ferent polar action — the Ca stimulating only at closure, the An only at 
opening— is presented with remarkable precision and clearness. 

' For farther details, vide Brenner's book and my articles in tbe Knapp-Mooe* Ar- 
chiv fi^r Augen- a. Qhrenheilkunde. 
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But we must ask ourselves wlij' purely polar effects nre uloue cibtuiDeil 
in tliia uen-e? Accortliiig to our prerioua statemeut^ au anode is inev- 
itably present in a nerve presentiug a cathode, and here, as in the motor 
uerves, we should expect, upon irritation with the Cn the octloD of the 
secouilury virtual An. Why does tliia not happen iu the present case ? 
Hitzig has endeavored to explain this pheDonienou by the anatomical rela- 
tions (the position o( the neiTO in a bony canal, its direct transition into 
the brain tissue, the divergence of the acoustic fibres in the central organ), 
on account of which the density of the threads of current producing the 
secondary polar action will be so slight that ibey will l>e usually ineffective. 
Under pathological conditions, however, these effects (Ca O and An CI 
roaction) may develop. It is oIbo possible that the extreme terminal ap- 
paratus of the nerve can alone be stimulated by the galvanic ciu-rent, auJ 
that this always reacts exclusively under the induence o( the nearest pole, 
while the effect of tlio other virtual pole only occurs at the central end of 
the nerve, which is perliaps not at all excitable, or at least not with aucb 
weak currenta. 

With the simplest galvanic element (a piece of sine and copper) placed 
on the tongue vie can pioduce a peculiar, acid, salty, metallic taste, which, 
with stronger currents, readily develops upon the appUcation of the elec- 
trodes to the cheeks, throat, temples, uiastoiil proceaees, and the neck. 
This is the ao-culled galvanic taste. 

Mure careful examination — for example, if two medium electrodes he 
placed upon the cheek— teaches that distinct gustatory sensations occm- on 
both Hides, i.e., at both poles, but that they are very different on the two 
aides. At the An the sensation is more marked and metnllic, alkaline, or 
perhaps very acid ; at the Ca it is feebler, more biting, salty, constrioting, 
and never, occonling to Vintschgau, alkaline. The difference is so stiik- 
ing that the An con readily be distinguished from the Ca by this means. 

"We also find that the continuous passage of the current is accom- 
panied by a continuous sensation, as the latter is not alone present u]>ou 
making and breaking the current, but also during its passage, although 
it mpidly diminishes and disappears with weak currents ; when the cur- 
rent is xtroug. the sensations jterstst for u long time. Wliether these sen- 
flationa are due to the local action of the alkalies and acids produced by 
electrolysis, or to the stimulation of the nerves of taste or of their termi- 
nal organs, is still undecided. 

Yen' lilUo is known concerning galvanic stimulation of the olfactory 
□erre. Althaus states that, upon the passage of strong currents into tlie 
nasal cavity, he experienced a phospborus-Uke smell, and he attributes 
this to an irritation of the olfactory nerve by the current Others sup]>ose 

Kihia smell is due to the development of ozone (?) in the nasal cavitv. 
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CoKCEBNiNa the electro-physiology of the secretory nerves we 
relatiyely little knowledge which is \iseful to us. In the human subject 
very few experiments have been made. It is known that upon passing 
a galvanic current transversely through the cheeks or the anterior and 
posterior aiu'al region, in irritation of the acoustic nerve, etc., an active 
secretion of saliva occurs in the majority of individuals. It is still unde- 
cided whether this is due to direct irritation of the chorda tympani or to a 
reflex stimulation of salivary secretion from irritation of the gustator}' 
nerves or the sensory nerves of the buccal and pharyngeal cavitiea 

According to Moritz Meyer, the application of the galvanic current in 
a certain manner to the region of the cervical sympathetic produces a local 
increase of the secretion of sweat in the corresponding half of the face and 
the hand ; Adamkiewicz states that energetic faradic irritation of the 
tibial nerve in the popliteal space causes an abundant secretion of sweat 
in the foot. 

No " law of contraction of the vasomotor nerves " has yet been discov- 
ered but a large number of almost confusing phenomena have been ob- 
served. Upon faradic irritation of the vessels, they first contract and then 
dilate after the cessation of the irritation ; if the nerves have been divided 
for some days their stimulation at once causes dilatation. Upon galvanic 
irritation with both poles, contraction and then dilatation of the vessels 
occurs, with stronger currents the dilatation rapidly ensues and predom- 
inates. According to Gruetzner, the galvanic current is a direct irritant 
for certain vascular nerves, viz., the vasodilators of the skin ; the passage 
of a constant current for a few minutes through the sciatic nerve of the 
dog at once produces, independently of the closure or opening of the cur- 
rent, a dilatation of the vessels without previous contraction. 

The electro-physiology of the sympathetic syst-em will detain us for a 
few moments, because this has become a matter of prime importance with 
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ord to certain therapeutic questions ; these remarks refer chiefly to tlia 
cemcal sympathetic. 

This is n very complicated nervovw structure, all of whose relations are 
by no moans known, and which ia eepecially shrouded in darkness on ao- 
connt of the iuterpohition of the large sympathetic ganglia with their 
problematic functions. It contains the great moss of vasomotor nervta 
<listrihut«d to certain parts ; to the integument of the face and scalp, 
partly to the brain and eye, perhaps also to the upper extremity ; it also 
contains fibres which regulate the secretion of perspiration, preside over 
the dilatation of the pupil and influence the position of the ball of the 
eye (smooth muscular bundles in the lids aud orbits, Mueller's muscle) ; 
finally, it contains fibres distributed to the heart, and who knows what 
others. 

Physiologists teach us that faradization of the cervical sympathetic 
causes contraction followed by dilatation of the vessels of the correspond- 
ing side of the head and face, increase of the mean cerebral pressure, dils' 
tatioQ of the corresponding pupil and the orbital fissure, alight protrusion 
of the eyeball, finally acceleration of the action of the heart 

The effect of galvanization of the cervical sympathetic is much slighter 
and less certain ; many physiologists have not witnessed any eflects upon 
the pupil and the vessels of the scalp, and the statements of others ore 
contradictory. 

In tho human subject the matter is even more complicated, on the one 
hand on account of tho deep situation of the cervical sympathetic and the 
difficulty of reaching it, on the other hand, on account of tho close proi- 
imity of tlie pneumogostric, the carotid with its vasomotor fibres, the baan 
of the brain, the cervical and brachial plexuses, tlie cervical region of the 
spinal cord, etc. The following phenomena have been observed : 

Upon faradization of the cervical sympathetic, dilatation of the corre- 
sponding pupil (doubtful, because perhaps due to a reflex from the skin), 
contraction of tho vessels, Hiiilateral j)aUor and coolness, followed by in- 
creaM<1 warmth. 

Upon galvanization of the cervicid sympathetic (one pole in the pharynx, 
th« other at the angle of the tower jaw ; or Aji upon the manubrium 
stemi. Ca at the angle of tho jaw ; or finally, Ca at the angle of the jaw. 
An at the side of the last cervical vertebra), circulatory changes in tfae 
retina and corresponding half of the face and ear ; changes in the pupil, at 
first dilatation, sometimes followed by contraction ; diminution of the 
blood -pressure and the frequency of the pulse (doubtful) ; increased 
warmth uid perapiralion in the corresponding hand ; a tired feeling sad 
dJznnesB (very doubtful). 

O. Fischer came to the conclusion that the effect of so called galvanisa- 
tion of the sympathetic is due in groat part to the stimulation of the vi^tms 
^^^ud its branches, and of sensory nerve fibres. But some observationB on 

i d 
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pathological cases appear to prove that the cervical sympathetic may be 
directly influenced by the current ; I shall return to this subject at a later 
period. 

We will next turn our attention to the effects of electrical currents 
upon the exien^al skin. 

The redness of the skin produced by various applications of the current 
is undoubtedly caused by dilatation of the blood-vessels. 

Upon faradization of the skin with moist electrodes, only insignificant 
changes occur with a moderate strength of current ; with relatively strong 
currents there is occasionally a temporary pallor of the skin and cutis 
anserina, which may be followed by more permanent redness. Upon ap- 
plication of the faradic brush the phenomena are more marked ; the pallor 
very rapidly subsides, and is followed by bright redness^ which lasts for 
some time and then disappears without a trace. 

Galvanization of the -skin, even with a moderate current, will produce 
(in addition to the pricking and burning sensation previously mentioned) 
an intense redness at both poles, which may persist for a very long time. 
Small papules and even broad wheals are not infrequently observed at the 
point of application and the redness may persist for hours ; after repeated 
applications the epidermis desquamates. 

With stronger currents and prolonged duration, it is found that the 
two poles produce somewhat different effects. 

At the cathode you often find, in the beginning, contraction of the 
vessels and pallor of the skin, followed by a more pale, rosy redness ; the 
skin becomes infiltrated, thickened, covered with wheals, surrounded by a 
deep red rim ; upon opening the current, an intense redness remains for 
a long time at the site of the electrode. 

At the anode, an intense dark scarlet redness occurs at once ; the skin 
does not appear thickened but covered with small elevations ; after open- 
ing the circuit, the redness continues for a very long time and is followed 
by desquamation of the epidermis. 

If the current is strong, the application of a smaU metallic Ca to the 
skin (An in the shape of a large sponge electrode) gives rise to the pro- 
duction of a small vesicle filled with opaque, strongly alkaline fluid ; after 
removal of the electrode this soon dries into a small brown scab, which 
falls off after a time, leaving a small loss of substance and a permanent, not 
infrequently pigmented cicatrix. A corresponding auodal application 
produces comparatively slight effects ; the metal electrode is blackened 
from oxidation, and the wheals which may be present give exit, if pricked, 
to an acid fluid. If the electrodes are moist and well covered, such phe- 
nomena will not ensue. However, there is no doubt that the galvanic 
current produces very marked changes in the cii'culation and nutrition of 
the skin, but the deeper tissues cannot be affected to such a marked 
extent 
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Tke phjsiologiL-al effects of electiicnl ctirreuts upon the brain have 
been the subject o( numerous iiivestigatioDa Contrary to what happens in 
the periphenii motor nerves, it has been found that An CI produces greater 
litiiuulatioa of the cerebral cortex than C'n CI ; [>erhaps the cause of this re 
morkable phenomenon ia to be found in the different chemical reactions 
of tiie gray nnd whit« matter — living poriphenil nen-e fibres are alkaline 
(Funke), the gray matter of the braiu acid, the white subetance neutral or 
faintly alkaline (Gscheidlen). If the currents are netik or of moderate 
Btrungtii, the shortest possible closure of the circuit will diminish the irri- 
tabUity at the same pole, but iocreuse it at the other ; changes of ]>oltuity 
cause most vigorous stimulations. The faradic current is ako effective. 

Upon performing galvanitation of the bead, a sories of very decided 
pheuomena develop, but fiuuilizatiou of the head i-j the human subject 
appears to be devoid of effect 

Vertigo is the earhest and almost constant symptom when golvanizO' 
tiou of the head is performed in such a manner that the largest amount 
of current passes through the brain (transversely through tlie temples or 
tlie mastoid processes, or from the forehead to the back of the ueck)- 
Thifl phenomenon consists of a disturbance of equilibrium which is merely 
of a subjective nature in the mildest grades, but iu the higher grades is 
rendered objective by totteriitg of the head and trunk so that the indi- 
vidual may even fall ; these higher grades may be accompanied by appar- 
ent rotatory movements of external objects, or by a sensation of rotation 
of the body. 

It liaa been ascertained that galvanic vertigo devplops with so much 
more readiness the greater the angle formeil by the line connecting both 
electrodes upon the skull with the sagittal longitudinal diameter ; it ia 
therefore most intense wheu the current is passed transversely, most feeble 
when passed anterorposteriorly. 

Breimer found that, ou passing the current transversely, n distinct 
sensation of vertigo occurs upon closure of the current, together with an 
objective tottering of the head toward tiie side of tlie anode ; upon break- 
ing tlte current, a much shghter degree of tottering tow'ord the aide of the 
cathode. The subjective feeling predominates greatly over the actual 
oniount of tottering. 

The seoaation of vertigo also continues during the passage of th« cur- 
rant. Distinct apparent rotation of surrounding objects is then associated 
with it, so Uiat the persons experiment4Ml on fear that they will lose their 
«quilibrium entirely. These rotations occur usually iu a vertical plane, the 
objects appearing to pass from the side of tlio auoile to that of the cathode, 
rifling upon the former and sinking upon the latter. According to Hitzig, 
tlwy are due to the ocular movements produce<l by the galvanic irritation. 

The ocular movements probably occur as the result of the severe ver- 
tigo and the disturbance of the muscular aenae. 
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If a Tigoroua (current is passed tmnsversely tiirough the mastoid pro- 
cesses, associated, nystogmua-like, oscillating luovemeiits of the eyes occur 
in a definite directioo, viz, : in tliat of the positive current. If the anode 
is situated od the right side, both eyes will be directed to the left. 

In addition, many persons complain, upon galvanizaljon ot the head, of 
u certain dulness, a feeling of confusion, and perhaps of threatening syn- 
cope, which may even terminate in syncope in very sensitive individuals. 
lu certaiu coses a feeling of nausea, and even vomiting, have been noticed. 

The results of physiological experiments are much scantier with regnrd 
to the spinal cord than the brain, A few authoi-s have investigated the 
modifying effects of galvanic currents upon the cord. J. Ranke found 
that the reflex irritability of the spinal cord iu the frog could be dimin- 
ished or entirely extinguished by a current of a certain strength pass- 
ing through the cord in any direction, Legroa and Onimus only fotmd 
this effect with the descending cuti-ent, the reflexes being often in- 
creased by the ascending current. Fioally, Uspensky thinks the spinal 
cord should be reganled electrically as a jwripheral nerve which can be 
brought into an electrotonio condition by the galvanic current, and he 
found corresponding changea in the reflex irritability and the respiratory 
movements. 

It lias been supposed that the spinal cord of the human subject cannot 
bo reached by electrical currents applied in the ordinary percutaneous 
method, but this view has been disproven. Large, flat electrodes should 
be placed on the back, very strong currents employed, and closure and 
oputing should "be resorted to. If the Ca is situated on the upper lum- 
bar vertebrse, Ca CI or change of polarity to Ca will produce vigoroua 
contractions of the muscles supplied by the sciatic nerve, thus proving 
that the current has penetrated at least into the spinal canul. In addition, 
numerous undoubted therapeutic exjieriences teach us that the galvanic 
current may reach the spimd cord. Nevertheless, our knowledge with 
regard to the physiological eflecta of electrical currents upon the spinal 
cord is ahnost nil. 

Electi'o-physiological examination has been scarcely directed to the 
heart Eind lungs. It has been showu that a certain method of application 
of the galvanic current will cause movements of coughiug, e9i>ecially if the 
Ca is placed upon the back of the neck, the other upon the back, and 
closure of the cui'rent or change of polarity is then made ; in some per- 
sons, also, this will occur if the upper electrode is placed upon the dorsal 
vertebi-sa. 

We are somewhat better acquainted with the eSects of electrical onr- 
renls upou the abdominal organs. 

It has beeu said that contraction of the gallbladder, especially in 
catarrhal jaundice with very dilated gall-bladder, has been obtained by 
vigorous percutaneous faradization in the region of the organ. 
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Many observers state thnt they have succeeded with the faradic cur- 
rent, either directly or in a reflex manner, in effecting a considerable re- 
duction in the size of chronic enlargements of the spleen. Some have 
fiiradized the spleen directly by means of moist electrodes, others have 
employed vigorous irritation of the skin in the splenic region by means ot 
iwo faradic brushes. 

The striated muscular tissue of the pharynx and velum palati may be 
readily furadized and galvanized by nieuits of suitable electrodes. Local 
ooutmctioos then occur, or, if the currents are strong, vigorous, wide* 
spread muscular contractions, movements of deglutition and gagging de- 
velop. If the An is placed on the upper part of the baclt of the neok, 
and the Ca rapidly passed over the lateral surface of the laryngeal region, 
you will see and hear a movement of deglutition ^ith everj- Ca CI and 
abort labile stimulation (with 6-10 elements). Vi'e evidently have to deal 
here with a reflex process from the sensory nerves of the pbar^'ux and 
larynx {cbiefly the superior laryngeal nerve). 

Contraction of the muscular iibres of the (ssophagus can also be effected 
readily by ueans of electrailes shaped like sounds, 

The smooth muscular fibres of the stoniach and intestinal tract react 
to electrical currents by slow contraction, which graduEilly grow stronger, 
spread more or less from the site of primary stlmulutioii in a ]>eri8taliia 
iQiinner, and outlast the irritant for a shorter or longer period. They ap- 
pear to be less affected by the galvanic than by the faradic current. 

The effect of rigorous faradization of the abdomen (which can be ob- 
icerved with special distinctness in cases of large inguinal herniiewith thin 
tegumentary coverings, or in persona with very thin, flaccid abdominal 
wklls), consists of the production of visible, palpable peristaltic move- 
meuts of the stomach and intestines, which sometimes cause gurgling. 
Ab an effect of faradization of the stomach, Sehliep observed a rapid dis- 
appearance from the organ of water which bad been introduced ; defe- 
cation often occurs soon after intestinal faradization. The digestive tract 
may be reached in various ways : cither by percutaneous application, one 
electrode upon the back, the other stabile or slowly moving over the cor- 
responding portion of the abdominal wall, or by means of the introduction 
of an electrode into the stomach (either a stomach electrode proper or an 
OMopliogeol sound to which a wire has been attached), or into the rectum, 
the other being applied stabile or labile upon tlie external abdominal wall. 
The electrode, which is introduced internally, causes scarcely any sen- 
sation. 

Electrical stimulation of the bladder can be readily performed. If a 
urotbral electrode is introduced as &ir as the neck of the bladder, the con- 
traction of the spliincter vesicie and urethral muscles upon faradization 
ran bo readily detected. Vesical electrization may bo done with both 
oomnte, either percataDeouHly or by the introduction of catheter-shaped 
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vesical electrodes as far aa the siihincter or into the lilailder. Notfaing is 
known concerning electrization of tlie other abdominal organs. 

I now come to the consideration of the electrolytic and cataphoric 
efiecta of electricrtl currents ; this refers almost exclusively to the galvKnic 
current, the effects of tlie faradic being almost nil in these respects. 

The occurrence of electrolytic processes in the animal organism have 
been distinctly proven with reference to the siirfiice of the body sloue, 
BS has been shown on page 52. But concerning the effects produced 
within the economy, we pOHsess merely surmises. A beginning has been 
made by Drechsel, who succeeded in producing urea from soluti jub of car- 
bonate of ammonia by electrolysis with changing currents. It is at least 
probable that this process also occui's within the hving orgitnism. On 
account of the scantiness of our actual knowledge concerning electrolytic 
effects in tlie human subject, I will refrain from theoretical considei-ations ; 
I will again recur to the subject in considering the therapeutical effects. 

Concerning the cataphoric effects we staml on a somewhat more solid 
foundation. A successful attempt has recently been made to employ the 
cataphoric action in the introduction of drugs into the body. After v. 
Bruns had shown that the galvanic current could force iotlide of potassium 
through dead and Uring parts of the human body, Munk devised the 
most serviceable method of effecting this object. 

The elder Bemak had recognized the fact that the chief effects of the 
galvanic current in disease are very comphcated ; that wo probably bave 
to deal, in tlie majority of cases, with changes in the nutrition of the parts 
{molecular, chemical, histological changes). In his studies concerning, 
the curative inSuence of the galvanic current in inflammations, contusions, 
hemorrhages, rheumatism, neuritis, etc., it became erident to him that 
these effects were perhaps direct, from change in the molecular conditian, 
osmosis, etc., of the tissues, but partly also indirect, from changes of cir- 
culation and the current of nutritive fluids in the tissues. He has in- 
cluded a number of these effects under the common term catalytic action, 
viz., dilatation of the blood-vessels and lymphatics, causing more ready 
circulation of the blood and nutritive fluids, and increased absoilition ; in- 
creased power of imbibition of the tissues, increased osmotio processea 
and thus increase of volume (especially in the muscles) ; changes in thft 
disas!iimilation and nutrition of the nerves on account of their stimulation 
or sedation ; changes in the molecular ammgement of the tissiies caused 
by electrolytic processes ; finally, the consequences of the mechanical 
transport of fluids from one pole to the other. 

The physiological or experimental foundation of these catalj-tic actions 
is still very imperfect and fragmentary. The con\-iction of the reality of 
these changes has forced itself upon almost all electro -therapeutists since 
the time of Remak, on accoimt of a lai-ge array of pathological and thera- 
.peutical experiences with which you will become acquainted at a later 
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period. It would be very desirable, however, if this entire matter were 
subjected to experimental investigation. 

Bemak had observed that frogs' muscles, when galvanized by a labile 
current^ showed an enormous congestion, became tenser and appeared 
swollen, and he maintAins that thej absorb water much more rapidly than 
non-galvanized muscles. 

Furthermore, the changes described by Bemak, Bollinger, v. Ziemssen, 
and myself after galvanization of the skin are so evident that they have 
always appeared to me to constitute an important argument in favor of 
catalytic action. 

Of especial importance ia the demonstration of the vasomotor effects 
of electrical currents. The recent experimental researches of Luwenfeld 
with regard to dilatation and contraction of the cerebral vessels upon 
transverse and antero-posterior passage of the galvanic current through 
the head are valuable in this respect 

Perhaps, also, the electrical actions upon trophic nerve-tissues may 2)ro- 
duce changes in the disassimilation of other tissues and organs of the 
body, organic metamorphoses, modifications of nutrition, which constitute 
a part of the '^ catalytic " effecta 



PART HI. 

ETHODS OF ELECTRICAL EXAMINATION AND 
ELECTRO-DIAGNOSIS. 



Lecture vil 

The Hethoda of EUe.lrical Eiiiinmatioii— Eiammation of the HotOT Henea and Mii»- 
clea— FoJur Method —Geueml liulea— Method of IjuantiUitivo Exaininkliou of ] 
IrrJtabilit; wiih tbe FaiaJic and Galviuiio CurteDts— Mi^ltiod ot the QuolitaliTa 
Examinutioa of Irritabiliiy — Exa mi nation of tlia E;a — Esaminiilion of Uw Audi- 
toi7 Apporatiu— GalviuiiD ExamiDntioQ of Tikato— RxaniiiutioD of Eleotro-cntui- 
Bona Eenaifilitj— EleoUu-niuBcalar SensibUIty. 

Tbb examination of tbe motor nerves and mufidee is by for the moat 
important ; this coDsista of a carefiillj meusured and ^iduiit«d stimula- 
tion ot circumscribed parts, usuidly situated near tbe surface, viz., indi- 
vidu^ nerve-trimks and broncbea, individual musdeu and portions of 
inusclca. 

Tbe cbief object of examination consists ui localizing tbe current with 
tbe necessary intensity aud density upon these individual parts, and ia 
keepiuj; other parts as free as possible from their action. 

It follows from the laws formulated in Lecture IV. that tbe polar ex- 
amination is alone serviceable in examining small porta situated within 
larger conducting masses. 

The following general rules bold good in the polar method of examina- 
tion in the human subject: 

Oul; one pole may be employed for each irritation : the eOect of the 
i>ther pole is not excluded, but it should be repressed as much as possible. 

The electrode employed for tbe local irritant eflect is called the active 
or irritant electi-ode (electrode A) ; tbe other is tbe indifferent electrode 
(electrode B). 

Tbe active electrode should be as small as possible, in order to secure 
tbo greatest density of current. But this bos its limits, especially with re- 
^cd to the galvanic current ; if tbe electrode ia too small, tbe strength of 
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current will be diminished too much on account of the diminution in 
the transverse section of conduction and the examination thus rendered 
more difficult ; I therefore employ in galvanic examination the " small '* 
or " medium " electrode. 

The indifferent electrode should be as large as possible, in order that 
the density of the current may be as shght as possible and therefore rela- 
tively ineffective. This electrode should be apphed to the most indiffer- 
ent position, and the sternum seems to me to be the best in this respect ; 
it is in the median hne, the current meets with equal resistance in passing 
to symmetrical parts of the body, it passes immediately into the trunk and 
rapidly loses its density ; there are no nerves or muscles in the neighbor- 
hood whose irritation will interfere with the examination ; in addition, the 
sternum is quite insensible, and the person examined can readily apply the 
electrode in this position. The indifferent electrode may also be applied 
to the back of the neck, or the small of the back, but these positions are 
less serviceable on accoimt of the vicinity of the spinal cord and roots of 
the spinal nerves in the latter case, and the head and brain in the formei*. 
In a few exceptional cases, however, some other localization must be 
chosen. 

One of the most important rules is that the same method of examina- 
tion should always be employed, and, if possible, the same apparatus, at 
least when the results of various examinations are to be compared virith 
one another. Every observer should be skilled in the use of his own in- 
struments, and this requires great practice and technical skill. 

It is a rule of no slight practical significance, that, in diagnostic in- 
vestigations, the examination should always begin upon the healthy parta 
Inattention to this rule not infrequently causes us to overlook slight 
disturbances 

Method op the Quantitative Deteioiination of the Irritability of 

Nerves and Muscles. 

This examination may be made with regard to both forms of current. 

The following was the method of faradic examination formerly in 
general use and also largely employed at the present time ; a careful de- 
termination was made of the amount of withdrawal of the cylinder at 
which the minimum muscular contraction occurred (upon irhtation of the 
motor nerves or direct muscular irritation), or the contractions occurring 
in symmetrical parts were compared with one another, the strength of 
current remaining tlie same (equal withdrawal of the cylinder). 

Tliis method would be very good if, apart fi'om the variable amount of 
withdrawal of the cylinder, all the other conditions of the examination 
remained constant 

But this occurs, as a inile, only in unilateral diseases, upon comparing 
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^fei^tly eyiumetrical porta of one and the same isdividunl. Thia method 
is, however, entirely uncertain in bilateral diseases, in which comparison 
must be made with other healthy individuals. It must be remembered 
that there are ^rreat differences in the reBistauce to couduution iu varioua 
individuals (wirfc Lecture HI., p. 23). i 

We must therefore lay down the principle that the resistance to eon- I 
duction should also be tested ; only when this is found to be similar can 
we draw any useful conclusiuns with regard to the presence of differenoes 
iu the electricAl ii-ritabUity. 

In onler to free this examination still further fi-om comparison with 
other initi%idualfl, I have endeavored to develop another method of | 
cxauiinatiun. 

The purpose of this is to determine the irritability of the nerve-trunka 
in various parts of the body (head, trunk, upper and lower Umbs) and then 
compare them with one another in healthy persons. In fact, a cjuit© 
couat&ut relation of the four principal parts of the body was determined, 
auti any cousiderable deviation of one or another of these pairs of nerves 
from this relation may be regarded as pathological. It is therefore 
possible to recognize pathological changes of irritabiUty by the exclusive 
csnminatiou of the patient. 

As a matter of course, it was necessary to determine the resistance to 
conduction in all the parts examined. It was found that this presented 
quite a constant relation in healthy individuals ; only under the assumption 
that the relation of the resistance to conduction is approximately normal 
con the relative values of the irritabihty be properly estimated. If the 
relation of the resistances to conduction varies in the same manner as the 
withdrawal of the cylinder, the conclusions with reganl to the irritability 
become more certain ; if it vanes in the opposite tntmner, the couclusious 
become more uncertain or may be entirely nef^atived. 

The following method should therefore bo employed ; in the examina- 
tioD the followiiig four nerves or nerve-branches on each side are cliosen ; 
the frontal branches of the faciul nerve at the temple (l*Hg. 28), the spinal 
nceessory nerve in the neck (Fig. 2Sl, the idnar nerve above the elbow 
joint (Fig. 29), and the peroneal ner\'e above the head of tlie tibula in the 
popliteal apace (Fig. 33). IVe uow determine the amount of withdrawal 
of the cylinder at which the minimum conlmction, i.e., llie feeblest 
distinctly perceptible contraction, is obtained. These numbers ore then 
noted. 

WitI) a " medium " electrode, well moistened in warm water, we then 
i1et«nnine the amount of deflection of the needle of the galvanometer 
widch occurs with a definite number of elements (10 to 12) and with eta- 
bile action of the current upon all the localities previously employed 
(or Btimulfltion. I usually employ the Ca for the site of irritation, the 
An remaining on the sternum. The figures thus obtained are also iiot«d. 
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We thus obtain two series of figures, one of which represents the rela- 
tiye condition of the faradic irritability of the four pairs of nerres, the 
other the relative condition of the galvanic resistance to conduction at the 
corresponding regions of the skin on each side. I have shown above how 
the results obtained in the second series complement the condusions 
drawn from the first series. Both series present a quite constant relation 
in healthy individuals of approximately similar physique and position in 
life, and in the same sex. I append two illustrations in healthy in- 
dividuals : 

1. Healthy man ; artisan ; thirty-eight years old : 



Frontal nerve 

Spinal accessory nerve . . . 

Ulnar nerve 

Peroneal nerve 



Withdrawal of cylinder in 
millimetres. Minimum con- 
traction. 



right 165 
right 172 
right 160 
right 160 



left 166 
left 177 
left 158 
left 163 



Deflection of galyanometer, 
with ten elements, 150 a B. 




left 19** 
left 16** 
left 6** 
left 9« 



2. Healthy man ; laborer ; twenty-four years old : 



Frontal nerve 

Spinal accessory nerve 

Ulnar nerve 

Peroneal nerve 



right 195 
right 187 
right 175 
right 180 



left 192 
left 182 
left 185 
left 180 



right 17'' 
right 10° 
right 6° 
right 5^ 



left IT 
left 9° 
left 10° 
left 6° 



These tables are valid for my apparatus alone ; but, although the abso- 
lute figures may vary for other apparatus, their relative proportion will 
not vary. 

After having collected a large number of these tables, I have found 
that the figures are almost exactly the same for both sides of the body, 
that the four pairs of nerves are irritated by almost the same minimum 
strength of current, the differences being rarely more than 20-25 mm. 

The relation of the resistances to conduction is somewhat different ; the 
spinal accessoiy presents less resistance than the ulnar and peroneal, and 
the frontal nerve still less. There are so many variations in women and 
children, especially on account of the varying development of the pannicu- 
lus adiposus, that I do not consider it practicable to determine the normal 
formula for them. That mentioned above refers to healthy laboring men 
in middle age. 

If the faradic examination of individual nerves is desired, and not a 
general examination, this is done by careful comparison with the healthy 
sido or with other healthy individuals, all the precautions being taken to 
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which I have previously referred. In order to prevent mistnkea, repeated 
eiaminationa ^ould be made in all important or doubtful cases. 

In quantitative galvanic examination of irritability greater precauUona 
must be observed than In the furodic examination. A statement of the 
number of elemenU employed, or the resistfuice experienced in a rheostAt 
ia only sufficient to a certain extent in comparing both halves of the body" 
of one individual ; it is useless for comparison \tith other individuals, on 
account of the remarkable difference of the resistance to conduction in 
different persons (Lecture HL, p. 23). 

The first requisite in the determination of fine quantitative differences 
is that the nerves and muscles to be compared should be examined witli 
the same density of current. This depends, on the one hand, upon thr 
size and surface of contact of the electrodes, on the other hand, upon the 
strength of the current The same electrodes should therefore always be 
employed in the examination. In addition, the strength of the current 
should be determined at any period of the examination by means of the 
galvanometer. If the electrodes are alike, and the strength of the current 
is accurately determined, we may he certain that if the deflection of the 
needle be the same, the same density will be present under the active 
electrode. In addition, the latter should be placed upon the parta to be 
compared in exactly the some manner anil position, and with the same 
degree of pressure. If, when these conditions are fulfilled, the deflection 
of the needle necessary to produce a minimum contraction increases, 
then the irritability is diminished ; if the requisite deflection of the needle 
diminishes, then the irritability ia increased. 

One of the most important sources of error in this mode of examina- 
tion is due to the fnct that the position of the nerves at the surface of the 
body is somewhat variable. 

The indiSercnt " large " electrode should be placed upon the sternum, 
the active "medium" electrode is carefully placed upon the nerve or 
muscle ; we then determine when the first Ca CI C develops, beginning 
with a small number of elements : the galvanometer is then introduced 
and the amount of deflection of the needle noted. The strength of the 
cuirent is then increased still further, three cathodal i-Iosures being made 
at each stage, until that strength of current is reached at which Ca CI Te 
appeora ; the deflection of the needle and the number of elements is then 
agiin noted. 

If we have an opportunity for comparison with syrametrical healthy 
nerroa, slight differences of irritability may be determined with great cer- 
tiinty. This is much more difficult when we must institute a comporiBoii 
with other individuals. In onler to avoid this as much as possible, we 
may examine the four pairs of nerves of different parts of the body, as has 
been previously explained with regard to the faradic current. The (ollow- 
tt table will serve as an illustration of the results thua obtained : 
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Healthy man ; artisan, thirty-eight years old : 



Nerrea. 



Right frontal nerve . . , 
Left frontal nerve . . 
Right accessory nerve 
Left accessory nerve . 
Right ulnar nerve . . . 

Left ulnar nerve 

Right peroneal nerve . 
Left peroneal nerve . 



Appearance of first 
Ca CI G with 



Appearance of fixit 

Ca D C> (Tet) 

with 



8 elements 16' 



6 
6 
6 
6 
6 
8 
8 



« 



(( 



u 



C( 



« 



<( 



(i 



18° 

r 

8° 



12 elements 32' 



10 
12 
12 
14 
14 
14 
12 



29° 
29° 
31° 
28° 
27° 
29° 
28° 



The frontal nerve, however, presents a very variable relation, and I there- 
fore think it more practical to exclude it, as a rule, from the examination. 

The strength of current at which An CI C, An O C and Ca O C de- 
velop in the various nerves may be examined in a similar manner. 

In addition to the quantitative examination of the irritability, you 
should also ascertain whether any anomalies of the law of contraction, etc., 
are present. I will therefore add a few words with regard to the 

Method of the Quautati^t: Determination of the iBRrrABiLrrT of the 

Nerves and Muscles. 

No qualitative determination of irritability vrith the faradio current 
has yet been obtained. This examination with the galvanic current plays 
a prominent part in electro-diagnosis. 

The question with which we have to deal is the determination of the 
law of contraction of each individual nerve or muscle ; we must observe 
whether the contractions appear in the proper manner, present the ordi- 
nary strength, and are unchanged in form and duration. In general the 
same method is to be employed as in the determination of the law of con- 
traction, i,e., the polar method, with the previously mentioned precautions. 
It is especially important that you should be well informed with regard to 
the peculiarities of each nerve of the body, as these may deceive the be- 
ginner. Especially important with regard to the muscles is the examina- 
tion of the mode of contraction, its rapid or slow occurrence, the predom- 
inance of one or the other factor of irritation. In doubtful cases it is 
well to compare the corresponding muscle of healthy individuals. 



Method of Examination of the Eye. 

The polar method is strictly employed, the active "medium" or 
" small ** electrode being placed upon the closed lids (or upon the temple 
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t forehead), the indifTerent " large " elet^trode cloHuig the circuit upon 
the st€n)um. It has also appeared to me to be riseful to apply the indif- 
ferent electrode upon the back of the neck. The examination of each eje 
is then matle in the usual manner with regard to Ca CI and Ca O, An C!l 
and An O. Four, six. or, at the most, eight elements are usiiall; sufii- 
cieut. The examination is rendered easier if made in a half-darkened 
room, the eyes being kept closed. 

On account of the very great irritability of the retina it is often difficult 
in cases of unilateral disease to prevent the diffusion of tbe eun-ent to 
the other eye. In such cases the indifferent electrode should be appbe<l 
as a " Buiall " electrode to the cori'esponiling temple, tbe iixitaut electrode 
(also " small "j to the closed lid. 



Method r 



EXAMtNAT10!4 OF THE £1\R. 



^^H'Brenner fiiBt employetl the polar method of examination wbich I have 
^^^Kvioualy described. I have changed this method somewhat ; the irri- 
^^^b electrode, a " medium " well -moistened one, is applied directly in 
^HUit of tile ear so tlmt it covers the entire tragus and ]>resses it slightly 
inward nithout occluding entirely tbe auditory canal. The indifferent 
electro<le may be applied to the sternum ; nor is it inailvisable to apply it 
to Uie hand of the same aide. We will effect our object most readily, bow- 
ever, by applying it to the back of the neck, partly on account of the slight 
resistance to conduction at this place; partly on account of the more 
favorable direction of the densest threads of current. I have previously 
explained in detail the manner in which the examination should be con- 
ducted. 

Patience and considerable practice are essential requisites ; repeated 
sittings are often necessary to accustom the patients to the various dis- 
agreeable auxiliary effects. We should begin with weak currents and in- 
crease the strength veiy gradually ; the occurrence of Ca CI i-caction is 
eapecially facilitated if we have previously allowed Ca D to act ; the more 
npidly Ca CI and \n O follow one nnotlier. the more acti*-ely will Ca C! 
act, Tbe production of An O reaction is facilitated by long duration of 
closm-e ; it is most readily obtained if we ^nwlunlly increase to the 
grentett strength of current tolerated during .Vu D and then suddenly 
open the circuit. 



Method of Examikatios ar Tastb. 

The poles may be placed upon the cheeks and tbe current allowed to 
pnM transversely through the buccal cavity ; the person experimented 
upon should then describe the sensations of taste occurring upon tbe two 
^The polar method is olso usefid for mow localized examination. A 
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"fine" sponge electrode, provided with an interruptor, is placed upon 
yarious parts of the tongue, pharynx, cheek, etc, and Ca CI and Ca D, 
An CI and An D then tested. 

Neumann has devised a serviceable method of examination ; the two 
well-isolated pole wires are fastened to an elastic catheter or a glass rod in 
such a manner that both ends, which are provided with small buttons, 
project at a distance of 2 to 3 mm. from one another. Armed with one 
or two elements this double electrode serves admirably to carefully localize 
the sensations. 

Electrical Examination of the SENSiBmrr of the Skin. 

It has not always been borne in mind that the application of electrical 
currents to the skin tests two factors ; forst, the electrical irritability of 
the nerves of the skin and their terminal organs, i.e., the law of sensory 
contraction ; secondly, the reaction of the skin as a sensory organ to the 
electrical irritant, which produces a specific sensation. 

It is a question whether it is justifiable to test the " absolute sensitive- 
ness " of the skin by means of electricity, and to employ this as a measure 
of the degree of its sensorial irritability. The skin, regarded as a sensory 
organ, cannot be tested with irritants other than those adequate to it» 
viz., touch, pressure, various temperatures, and the higher grades of these 
irritants which produce pain ; it may be disputed whether electricity should 
be included ampng these " adequate " irritants of the skin. In fact, the 
electrical sensation is a specific, distinct quality of tegumentary sensi- 
bility, whose careful examination, however, is of value in many morbid 
conditions. 

I have previously shown (Lectins VL, page 44) how the electrical 
irritability of the nerves of the skin and their terminations can be tested 
vnth the faradic and galvanic currents. 

The attempt has been made to recognize finer disturbances of sensa- 
tion, chiefly by means of the faradic current 

Leyden first described such a method ; by means of two blimt points 
of a compass, which are situated one centimetre from one another, the sec- 
ondai'y faradic current is introduced into the skin, and then the withdrawal 
of the cylinder, at which a minimum electrical sensation occurs at various 
parts of the surface of the body, is determined. From the series of figures 
which he thus obtained Leyden drew the conclusion that the absolute 
sensibility presents but moderate difierences at various parts of the sur- 
face of the body. 

Upon employing this method, however, I have by no means obtained 
such a smooth series of figures as Leyden, and this fact appeal's to me to 
be due to faults in the method itself. Slight moisture of the skin, per- 
spiration, etc.,. cause the results to vary; and finally, the resistance to 



ELBOTBIOAL EXAinNATlON AJtD BUEOTBO-DIAONOSIS. 07 

conduction luw been entirely overlooked. I have long since discarded 
this method as unpracticable ; and I may any the same of Berubardt'it 
plan of testing the sensation to pain with the galvanic euiTcnt. 

I have, therefore, endeavored to devise a more serviceable method of 
testing the forodo-cutaneous sensibibty. 

Electrode B, largo and moist, is always placed upon the steruum. I 
employ on irritant electrode, which, like the brush, has tbe advantage of 
namerous points of entrance of the current into the skin, but avoids 
the <liBadvantage of the mechanical action of the individual threads 
of the brush. A bundle of more thou four hundred fine, insulated, and 
Tarnished metal wires are enclosed in a 
bard rubber tube about two centimetres in 
diameter, firmly adherent at one end to 
tbe handle of an electrode (Fig. 20, a) ; 
the other free end is as siaooth as pos- 
sible, so that it produces the sensation of 
a perfectly smooth metaUic surface upon 
Iwing placed on the skin. Upon being 
applied to the aurfiice, this corere a circle i 
of skin two centimetres in diameter, into 
which about four hundred threads of cur- 
rent entvr at the same time. Vie thus 
flxclnd* all possible sources of error 
(sweat-ducta, hair-foUicles, small nene- 
twigs, etc) and are independent of shght 
obftDgesin the position of tlieirritatedspot. tkf^'»iiu'u^r^'.ihiL'itf/ir?il^*'^^uiu 

This electrode (connected with the Ca '"'"' *■ f™ ■■"*•""'"" •'«'™'"' 
flf the opening current) is then appbed with moderate firmness to the in- 
iegnment ; the cylinder being now gradually withdrawn, we ascertain its 
position when the first minimum electrical sensation occurs ; the cylinder 
is then withdrawn more rapidly until the individual experiences a distinct 
sensation of pain, and the amouut of withdrawal of the cylinder is again 
noted. 

Tbe examination is then repeated upon as many ports of the body aa 
is deaireiL In addition, it appears to me to be neccasar; to determine 
the resistance of the akin to gal^'anic conduction, in order to be able to 
eODtrol tbe results of the examination due to deviations in the former. 
Nvmeroua experiments on healthy persons give approximately the follow- 
ing average figures for the various parts of the body. (See Table, p. 68. ) 

Verj- little remains to be said with regard to the examination of the 
•kebo- muscular sensibility Of late this has almost fallen into obUvion, 
HkI it is certainly by no means so readily tested as is often supposed. 

The examination is made by causing more or lees vigorous contrac- 
tions of the individual muscles with the faradic current, by irritatiou of 
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tbeir nenre-tmnks or motor points, and then directing attention to the 
sensation of tension and contraction, increasing to pain, which occurs in 
the miiscle& On acooont of the coincident irritation of the sensory 
nerves and the skin it is not always easy to distinctly recognize this sen- 
sation ; the examination is therefore certain and simple in those cases 
alone in which ansesthesia of the akin is present 



Point of iziitatioii. 



Cheek 

Neck 

Arm '. 

Forearm 

Dorsum of hand 
Tips of fingers . . 

Abdomen 

Thigh 

Calf 

Dorsum of foot. 
Sole of foot . 



liinimnm 



Pfein. 



200-220 
180-200 

200 

190 

175 

125 

190 

180 

170 

175 

110 



130 
120 
120 
115 
110 

90 
120 
115 
110 
110 

80 



Defleedoii of needle 
with 8 EL 150 a R 



26^ 
22^ 
2V 

18** 

15^ 

2o 

20° 
21° 
19° 
10° 
5° 



LECTT'RE Vin. 

thologicftl ChuDges ot Electrical Irritabilitj and their Diagnoitlo SignlBciuice— 
EleotrO'diagnooiB of the Motor Norves and Muscles — I. iDoreoae— 3. Dirainuti 
ot Eleotrical Irritobilily— 3. Degeneration Renotion— Description of De R.— . 
Conne— Iiioreu«d Mecbaaical IrritnbUity. 



A. CHANGES IN THE ELECTRICAL IRRITABILITY OF THE MOTOR 
NERVES AND MUStXES. 

Both quantitative and qualitatiTe changes occur, the latter especiidly J 
II the niusclen, and rarely without the coincideut occurrence of the former. T 
The renctioD of the nerves and muaclea to tlie faradic and galvanic current J 

is parallel in many coses, in others it ia totally divergent. 



^H 1. Ihcbelabb of Elkctric.u. iRBiTABiuTr. 

The pathological increase of initabihty, n-ith regard to fantdic exam- 1 
ination, is characterized by a more ready reaction of the nerves and inu^ 1 
cles to the current ; by an increase in the amount of tvithdrawal of th« | 
cylinder at which the minimum contraction occurs, or by increased inten- 
sity of the contraction occurring upon equal withdrawal of the cylinder. 
The following table illuatratea increased fai-odic irritability of the peroneal 
^fima in a relatively recent case of ataxia : 



f 


Withdrmw»l o( ojlindet in 
tiutiaiL 


taoehmanM. ISOO. B. 




right 170 left 168 
right 166 left 167 
right 170 left 165 
right -205 left 200 


right 24' left 24" 
right 17° left 18' 
right 6° left 6° 
right r left 8' 


Eteinal aceeeBory nerve . . . 







The results are still more evident if the increase of irritabilitiF' ii | 
unilateral. 

With reganl to the galvanic current, simple increase of irritabihty ii 
ehoTActerizeil by the occurrence of the first Ca CI C, with a less strength I 
of current ; the rapid transition of Ca CI C, with a slight iuereoae in tb« J 
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strength of current, into Ca D C (tetanus) ; very early appearance of An 
O C ; finally, the occurrence of An O Te as the highest degree of intensity. 

In many cases the increased irritability is distinctly shown by a strik- 
ing disproportion between the motor and sensory reaction, i.e.y very yig- 
orous contraction with very slight sensation and without any pain. In 
simple increase of irritability qualitative changes of importance are absent 

A case of tetany, in which the following results were obtained, will 
serve as an illustration : 

In the radial nerve : 

First Ca a C with i° deflection of needle (normally, 3^). 
First Ca D C with 3^ deflection of needle (normaUy, 10^). 

In the ulnar nerve : 

First Ca CI C with i° deflection of needle (normally, 6°). 
Fii-st Ca D C with 3^"* deflection of needle (normally, 10-11°). 

In this patient An O tetanus was obtained with fourteen elements ; 
in a healthy individual, with a similar resistance to conduction, this can- 
not be produced with 24 to 26 elements. 

The determination of these quantitative changes of irritability occurs 
with the greatest facility in unilateral affections, in which a comparison 
may be made with the corresponding healthy parts ; when this is not the 
case, the directions previously laid down for exact quantitative determina- 
tion of irritability hold good. Such changes can then be readily and 
positively ascertained. 

Occurrence, — Simple increase of electrical irritability is, on the whole, 
a rare phenomenon, and possesses no great diagnostic importance ; per- 
haps it would be found more frequently if a careful quantitative examina- 
tion were more often made. 

It has been observed, in a moderate degree, in some forms of cerebral 
paralysis, in hemiplegias of various kinds and not too long standing, 
especially in those associated with motor-irritative symptoms (contrac- 
tures) ; more rarely in some spinal affections, for example, in the initial 
stage of locomotor ataxia, perhaps also in some nerves in recent cases of 
progressive muscular atrophy ; but all these statements require more 
careful investigation. Finally, it is somewhat more frequent in certain 
forms of peripheral paralysis, usually only for a short period at the be- 
ginning, though sometimes for a longer time ; for example, in recent 
cases of rheumatic facial paralysis (£rb, Brenner, Beyer), also in paralysis 
of the radial nerve from compression (Bernhardt), and in recent neuritis. 

But the occurrence of increased electrical irritability is more interest- 
ing and important in certain forms of spasm. I first demonstrated this in 
' a case of tetany, in which the occurrence of An O tetanus was especially 
well marked. I have since observed this condition in all cases of tetany 
which have come imder my notice, and this has been corroborated by 
other observers. In my first cases the increased irritability was confined 
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to the nerves of the trunk and estremitieB, but others have also fonnd it 
in the facial nerve. It is also said to occur in recent cases of chorea 
minor, hut I have not succeeded hitherto in yeri^dng this statement. 



^^^^ 2. DtMraUTtON OF El-ECTBICAI. iBIUTABIIJTy, 

^^^V ^ith regard to the faradic current, this ia characterized by a diminu- 
^^Bon in the amount of withdrawal of the cyhnder necessary to the produc- 
tion of a minimum contraction, or by a distinctly feebler character of the 
contractions with stronger currents ; the diminution of irritabihty may 
increase so that progressively etixinger currents are required to produce 
contraction. If the strongest currents which can be employed produce no 
contraction we speak of " the extinction of faradic excitability." Strictly 
speaking, this is at first true of percutaneous stimulation alone ; feeble 
contractions can often be produced for a long time in the exposed mus- 
tjfcs, or by means of electro-puncture. It ia especially evident in imi- 
lateral diseases when a comjuuisou can he matle with symmetrical parts. 
The following will serve as illustrations : 

1, Progressiix mmcular atrophy, most marked on one side ; 

Hsalth)' nids. Diseucd tide. 

IUlnai' nene 130 mm. 110 mm. 

Median nerve 155 " 138 " 

Peroneal nerve 140 " 105 '• 

C B the same on both aides. 
2. Caee of true muscular liypertTophy of the left leg. (O. Berger. Case 
Diminution of fiiradic muscidar irritabiht}- : 
Quadriceps right, 95 mm. ; left, 60 mm. 
Vastus eiternus " 100 " " 35 " 

Gastrocnemius " 87 " " 15 " 

Tibialis anticus " 106 " " 55 " 

But even moderate diminution of forodio irritabihty may also be de- 
nined in bihiterul affections. 
S. Case of locomotor ataxia ; man aged thirty-seven years : 

IVontal nerve right, 170 mm. ; left, 1G5 mm. ; 10' C R. 

Spinal accessory nerve. " 175 " " 180 " 8° "' 

tflnar nerve " 175 " *' 185 " 2° " 

Lperoneal ner\e " 132 " " 142 " 1}" " 

■ Therefore diminution of faradic irritability in the peroneal nerves. 
|]q some cases, also, the diminution of faradic irritabDity is Teij evi- 
n different pal^s of the same nerve, for example, in the nerves of the 
it the elbow compared with the wrist Thus, for example, in pro- 
nve muscular alropbv : 

At the elbow. At the wrirt. 

Mw tiirn nerve 168 mm. 1 13 mm. 

dnar nerve 165 ■■ 123 
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In aoodier esK I obtvacd die loiloviiig 

At 

Medkn Dcrte laa mm. IT^twignigK^ 

UfauKmcrre 176 - " 

It is fetf-efident tiMit we cmuioc condnde poKlinyj t^ 
are nriuUe at the dbow, b«it DDo-izzxiafaie at the wnst, &lllioa|^ sach a 
eooditioD la pcwibl^ In manj caaes we msr onh- mnrhide that the cen- 
tnd portiOQ atiU contan» a namber of irrilahle fibres^ but the peripheral 
pari does not Wfaidiol theae twointapretatians isecRxeetwinbe aacer- 
Uaihed hj earefol obaenratkxi at the miMciea whidi axe to be contracted. 

With regard to the gahanie current, diminiiticm of exehabilitj is first 
expreaaed bj the occ mie nce ci the miniTniiTn Ca CI C with a greater 
atmgth of current ; a diaproportHinatehr great «*^^*^g^^ of current ia 
neeeaaarj to prodnee Ca CI Te ; finaDj the reactiona gradnallj' diaiqppear ; 
at firatCaOCiano longer possiUe, then An Q C and An O C diminiak 
and diai^ipear ; Tery aoon Ca D C can no kmger be prodnoed, so that 
linall J Ca CI C alone remains with a Terr great strength of current. If 
thia can no longer be obtained (eren with a change of polarity) we speak 
of extinction of galranic irritabilitT. 

Thia ia the naoal oonrae of CTents in simple diminution of galvanic irri- 
tability in the nerres ; there are no qnalitatiTe changes of the law of con* 
traction or the mode of contraction. The latter is always short and 
lightning like, not alow and long drawn out This is also tme of the 
laoaclea, bat only in a portion of the cases ; in another part, qualitative 
changes also occur. Then the extinction of the contractions follows a dif* 
ferent order, finally An CI C alone remains and the contractions are slow 
and long drawn. But this forms part of the degeneration reaction, which 
will soon engage our attention. 

I will first give a few examples of unilateral affection of the nerves and 
muscles: 

1. Pressure paralysis of the right radial nerve (middle form) : 

First Ca a C : right at 22^ ; left at 10^ deflection of needle. 
First Ca D C : right at W ; left at 31^ deflection of needle. 

2. Atrophy of left quadriceps from inflammation of knee-joint 
(liumpf; : 

(CaClC: right, 4°; left, 7^ 

Crural nerve -^AnaC: " 5° *• 12* 

(AnOC: " 3r " 37' 






3. Encephalopathy ; left hemiparesis : 



TTi ( Ca a c 

Ulnar nerve ] Ca D C 

i> 1 ( Ca CI C 

Peroneal nerve • • • 1 Qa d c 



right, 8 El., 6^ 
'' 14 EL, 28° 
" 4 El., 3° 
" 10 El., 26 



o 



left, 10 El., 15°. 
18 EL, 36°. 
10 EL, 19^ 

18 EL, 38°. 



(( 
ti 



EIXOTBIOAL EXAUINATION AND EI.B0TR0-DIA0N0SI3. ?« 
Tlioroagb exominatioD also gives satisfactory restilts in bilateral difrf 

MT I 

^^V 1. Locomotor ataxia : I 

^m Ulnar nerve Ca CI C, G° ; Ca D C, 30". I 

^B Peroneal nerve Ca CI C, 20'= ; Ca D C, 40°. I 

^H 2. Spastic spinal poralrsia ; man aged tliirty-five yeais : I 

^B Right fronUl nerve Ca CI C, 10°. I 

^^m Rigbt spinal accessor^' nerve . . Ca 01 C, 4° ; Ca D C, 36°. I 

^B Right uhiar nerve Ca CI C, 2° ; Ca D C, 36". I 

^P Left ulnar nerve Ca CI C, 3° ; Ca D C, 35°. I 

^ Rigbt peroneal uerve Ca CI C, 17" ; Ca D C. 41". 1 

Left peroneal nerve Ca CI C, 23° ; Ca D C. 45°. 

Those two cases abow diminution of galvanic irritability in the peroneal 

Occurrence. — Simple diminution of electrical irritability occurs very I 
rarely iu cerebral paralyses and only in a very slight degree ; at all events 
it only occurs in such cases, as a rule, after the diseaae baa lasted for 
many years, and the integrity of the electrical irritability is justly regarded 
ns characteristic to a certain extent of cerebral paralysis and as a valuable 
aid in diagnosis. 

In bulbar paralyses (especially chronic progressive bulbar paralysis) 
diminution occurs frequently in the nerves as well as in the muscles ; tb& 
latter often present the degeneration reaction. 

In certain spinal affections a simple diminution of electrical irritability 
is not infrequently obsen'ed ; thus, to a moderate degree in old cases of 
locomotor ataxia, in spastic spiual paralysis, in cases of chronic myelitic 
and multiple sclerosis, in the spinal affections of general paresis, in uni- 
lateral spinal lesions upon the paralyzed side, etc. Even higher grades of 
diminution are sometimes observed in connection vritb the simple atrophy 
of muscles, wbicli is due to their inaction. 

Perhaps this also includes the cases of acute ascending ]mralysis, acute , 
myelitis, and otiier spinal affections in which a rapid and marked decreoM i 
of fonulic and galvanic irritability bos been observed. I 

In progressive muscular atrophy, simple diminution of electrical irrita- 
bility in the uerves and a large part of the muscles con generally be alone j 
determined, especially in those obscure forms which begiu in early cluld> J 
hood and drag their weary course for yea)*s ; in the tyjiicol form, ou the 
other band, degeneration reaction is found in a portion of the muscles. 

In peripheral affections it must be remembere<l timt those parts of the 
nerve situated centrally from the lesion cease, upon the occurrence of par- | 
alysis. to be o]>eu to examination, i.e., they appear inexcitable under all 
circumstances, because they are deprived of connection vrith the muscles 
to which they are distributeil. and can therefore not manifest their irrita- 
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biKty. It is characteristic of peripheral paralysis that the portion of the 
nerve situated on the proximal side of the lesion is entirely inexcitable to 
the faradic and galvanic currents, and this can be often employed to secure 
more accurate localization of the cause of the paralysis. 

You must be very cautious in assuming a simple diminution of elec- 
trical irritability in the peripheral portion of the nerve ; as a rule, it occura 
only as a part-symptom of the degeneration reaction, which is manifested 
in tlie nerve as diminution progressing to complete extinction of the fara- 
dic and galvanic irritability ; in the muscles, on the other hand, as dimi- 
nution and loss of &radic irritability, while the galvanic excitability passes 
thix)ugh an entire series of quantitative and qualitative changes, terminat- 
ing in iH^mplete extinction. In rare cases of certain peripheral paralysis, how- 
ever, simple diminution of electrical irritability has been alone observed. 

In an entire series of diseases of the muscles, also, their electrical irri- 
tability is simply diminished to a greater or less extent without any quali- 
tative changes. This occurs, as a rule, in the rare cases of true muscular 
hyi>ei'tix)phy, and to a still greater extent in so-called pseudo-hypertrophy 
ot the nuiik^loa, in which tlie greatly diminished electrical irritability 
Htands in ntriking contrast U> the colossal size of the muscles. But practi- 
cally and diagnoHticiUly this is much more important in the very frequent 
atn>phy and ]>nralyHiH of the muscles as a result of joint diseases (shoidder. 
knoi\ ot i\ ), Qnalitnt i vo oluuigea of pu^ysis are always absent in such cases, 
and IhiH in vory iniiH>rtAnt in the differentiation from degenerative atrophy. 
St^oligniui^Uor hiw itvently descril>evl some cases of arsenic paralysis, in 
whioh tho faviidio and gjvlvanio irritability was very markedly diminished 
wtthoiti any dogtniorntion rt^aotion. Da Ci^sta makes a similar statement 
NVo not infn^piontly nuvt with leases of old i>aralysis, atrophy etc., in 
whioli oxanuniUion n\oMy shows more or less diminution of irritability; 
but it irt thon ditVtoult or imiv^ssiblo to decide whether we do not have to 
doal with th«^ trnuiual sta^v of tho doireneration reaction. 

At all ovonts. tho diniinution of oltvtrioal irritabihty possesses a certain 
diA^uivstio signit\oano«\ and osinvially tlio slijrhter gnuies appear capable 
of faoilitatinjr tho d\,m»iosis of ^vrtain jwtioularly central, spinal) affec- 
tions, of oxohidini: sininlation, oto. In s^^voral meilico-legal cases I have 
thns s\usHH\h\l l\Y :i oAix fnl ^^uAntitativo oKvtricsd examination, in deter- 
nunma: tho ahnivst s.\htAX'Y |\v^itivx^ f^ot whioh in.iicated the actual exist- 
<v.xV of di!^\«iSf\ au*l thxis stvunuj; justi^v to i3:o patient. 

Vi^ioT ihw tonw, wluoh w>i* nrst , v. .i>!.^> t\l I y :..t\ is underetood an en- 
liiv .^vo:^ M .ix>Ai^tUAtix^-o,u.^uatA>v ohAiij,^ s .^f imiAbilitT, which occurs in 
lb* i),rw Ai>a v.iu^^ic^* m^lov .vr:A;v, mth.v.vi.^A: o.^n.iibons. and presents 
ttuia*3<' rw*tt.>ns to.viiAiu Iu^.x^.^ioaI .U^^ijewtiiv changes occurring in 



ELEOTRIOAL EXAHINATIOM AlTD BLEOTBO-DI A GNOSIS. •'B^ 

these structures. It is cliaract«i-ized in the moiti by (Uminution oud loss I 
of the foradic and galvaiiic irritability of the nerves, iind tLe faradic ii-ri- J 
lability of the mnscleB, while the galvanic irritability of the mtisdea per- fl 
sists, is Rouietiuiea considerably increased, and is always changed qual- ■ 
itatively iu a definite ntanner- fl 

Clinical observation tenches that the De R is not always completeljfl 
developed, but tliut there are also cases in which it is, bo to speak, I4>fl 
stricted to the muacles, the nerves being more or lees Bpored (partial ■ 
De R). I will first give a detailed description of the t'omplete De R. I 

Tlie most important fact is that tlie course of the changes in the irrita- I 
bility of the nerves and muscles is entirely different. ' 

After the action of a poi-alyzing lesion the motor nerves present, in 
rare cnsea, a slight increase of electrical irritability, which continues for a 
short time (one to two days) ; as a rule, however, a continuous diminu- j 
tion of the faradic and galvanic excitability begins immediately or very M 
soon after the development of paralysis (second or third dnyl. It is com- I 
pletely extinguished by the end bf the first week or during the second, so ■ 
that, at least by percutaneous stimulation, no contraction can be produced 
by tbo strongest faradic and galvanic currents. The diminution begins at 
that portion of the nerve situated nearest to the lesion, and spreads quite 
mpidly toward the periphery. In this respect the uer\-e reacts almost J 
entirely alike' to both forms of current. I 

This absolute inexcitabihty continues for a vtmaLle period ; for a very I 
abort time in luild coses, for many weeks and months in obstinate case^ .■ 
and permanently in incurable ones. I 

Then the first traces of returning irritabihtj' to both currents appear J 
at the some time, when the restomtion of the lesion and the regeneration 
of the nerves have progressed to a certain estent. These traces are first 
o baerved in that portion of the nerve situuted next to the lesion, pro- 
^^■PBSS very gradually toward the periphery and increase very gradually ; 
^^Kfi holds good for both currents alike. Li severe cases the irritability 
^^Bmains less than normal for a more or less protracted period, and, in 
flocb cases, volujifary motion is Bometimes completely restored, while tbe J 
electrical irritability of the nerves still presents au undoubted dimiuutioa.fl 

Iu such cases yon may uamiUy notice that the inexcitability of tbe^ 
nerves continues at a [>eriod when voluntary movements can be produced, 
i.e., a return of mobility, despite continuous loss of electrical irritability, 
and that the increase of voluntary motion occurs more rapidly than that 
of the electrical irritability. Thisaimply indicates that the nerve will con- 
duct tlie stimulus of the will, but is not excitable by the electrical current*. 

This strikinjr phenomenon is explained by the fact that the conduc- 
tivity and electrical irritability of the nerves are two separate qualities. 
As soon lis the central and peripheral part^ of the nerve have reunited at 
tiw sitd of lesion, and a certain stage of regeneration has appeared in the 
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peripheral portion, the motor paths are capable of condaction, bat thej 
«Aie not yet excitable by electrical currents ; for this purpose the regener- 
ation must have proceeded farther. If, in the accompanying illustration 
<Fig. 21) of such a motor nerve, the site of lesion situated between 6 and 
c has been regenerated, a conduction of the stimulus coming from a to the 
niudcle is again possible, although the part below c is still electrically in- 
excitable. If the electrical stimulus is applied below c no contraction fol- 
low% if applied above b distinct contractions follow ; as the stimulus of 

the will acts above 6, it will also give rise to muscolar con- 
I I tractions. 

X The reaction of the muscles in De B is entirely diderent 

^ from that of the nerves. 

The muscle reacts almost exactly like the nenre to the 
faradio current ; a progressive diminution of irritability en- 
sues, and terminates in complete extinction during the eomte 
of the second week. As in the nerves, this extinctioii ci fua- 
dic excitability continues for a longer or shorter period and 
I « then slowly returns to the normal, though rnxmemkltt latar 
I than in the nerves. 

I The reaction to the galvanic current is entirdy diffareni 

I During the first week there is a moderate diminution of gal- 

vanic irritability, but during the course and toward the end 
of the second week an increase occurs which may reach a con- 
siderable intensity in the next few weeks, and is combined 
with qualitative changes in the formula of contraction as well 
as its manner. 

The increase of galvanic irritability becomes erident yery 
jiQ. «. rapidly ; finally, distinct reaction on closure and opening may 
be obtained with eight, six, four, even two elements with a strength of cur- 
rent which scarcely influences the needle of the galvanometer. With this 
increase of irritability a pix)gressive change in the mode of contraction 
ulso begins ; instead of the normal, short, lightning-like contraction, a 
slow, long-drawn contraction occurs, which passes into continuous teta- 
nus, lasting during the entire duration of the current with relatively feeble 
currents. I regard the slowness of contraction as especially characteristic 
of the De R, and it is present under all circumstances. 

Not less striking than this change in the mode of contraction is the 
coexisting quaUtative change in the law of contraction of the muscle. 
This \s chiefly caused by the more marked increase of An CI C ; this 
wMm becomes as great as Ca CI C (An CI C = Ca CI C), and in most cases 
becomes considerably greater (An CI C >Ca CI C) ; next to the slowness 
4/ contraction this is a verj- important characteristic of the De R 

This condition is made evident by the adjoining curves, which show 
rckmrc contractions. 



ELECTRICAL EXAMINATION AND ELECTRO-DIAGNOSIS. 

What 18 true of An CI also holds good witJt regard to Ca O C ; 
increiuies with great«r relative rapidity than Au O C, and soon equals if, 
though we rarely find Ca O C >An O C. However, I have repeatedly i 
observed the latter condition. 

Thia condition— iucreose and qualitative change of galvanic irritabilHy 
— continues unchanged for a variable period (three to eight weeks), 

A gradual diminution of the galvanic imtability then occurs, while the 
quahtative changes, especially the BlownesB of the contractions, coiitinue 
uuinterrupted ; greater strengths of cuiTents are gradually required to 




produce the slow contractioDB. In incurable cases the diminution of ir- 
ritability increases more and more : finally Ca CI C disapjwars entirely 
and a feeble An CI C remains as the last trace of vitality iu the miieculai' 
fibres. Years may elapse before the galvanic irritjibilily of the degen- 
erated muscle has entirely disappeared. 

In cwrable cases, however, the normal conditions gradually return in 
the muscles, and with more or less rapidity according as the regeneration 
ocnirs sooner or later. But you should never expect that Ibe normal con- 
dition will be restored forthwith in the muscles, wilh the return of conduc- 
tion and irritabihty in the neries ; the changes in the mnscle require some 
time for tlieir retrogression, and it may therefore hnpi>en that quahtatively 
normal contractions are obtained for some lime through the nerves, 
although the qualitatively abnormal cnutractions of the De R are still 
e upon direct irrilation of the muscles. The normal reaction retunia 
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▼eiy gndoally ; as a rule, however, the irritabilitj remaina below the nor- 
nL&I for a considerable period after the restoration of mobility. 

Neumann has discovered that the striking difference in the fandic 
and galvanic excitability of the muscles is dne to the physical diflEerence 
between the two currents. He ascertained that in such pat hol ogical 



changed 

muscles : as the faradic currents are of mere momentary duration, thev 
remain without effect upon the diseased muscles. Ji, by any me an s , the 
gabranic current is made of very short duration, it also remains entirely 
ineffiective. But whv the desrenerated muscles lose the capacity of re- 
action to currents of very short duration remains to be discovered ; it is 
probably due, in great part, to the chemical and molecular changes in the 
contractile substance. 

The increased mechanical irritability of the muscles also stands in 
dose relation to these changes. It is observed more or less distinctly in 
all cases of this kind and is characterized by the occurrence of a veiy 
distinct but slow contraction upon all kinds of mechanical irritants (best 
upon alight, sudden tapping with a percussion hammer or the fing^, iqpon 
simple pressure, or even rapid removal of a compressing body). 13ii^ 
symptom usuaUy appears somewhat later and disappears earlier than the 
increase of galvanic irritability, but is often observed for weeks and months. 
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It lias beeii establMied beyoud a doubt that the phenomena of the 
De It possesti intimate rolntiona with certain histological changes ia the 
nerves and muscles. 

They are the phenomena of degenerative atrophy of the motor nerves 
and muscles, of KMoh the uhonges occurring &ft«r experimental section or 
compression of tbe ner^'es may be regarded as a type. 

The first result of such u traumatic lesion is the degeneration of the 
peripheral portion of tlie nerve. Within a (ew (two to four) days tlie me- 
duUary sheath coagulates and breaks up into clumps, drops, granules, a pro- 
cess which spreads quite rapidly and leodii to the formation of masses of 
gnuulea and granular corpuscles. This is associated with softening, de- 
generation, and destniction of the axis cylinder, together with marked 
proliferation of the nuclei in the sheath of Schwann. Gradually a lar^^e 
pttrt of the products of degeneration is absorbed and tlie sheath of 
Schwann merely contains a homogeneous protoplasmiu mass. This pro- 
can spreads very rapidly from the site of the lesion toward the peripheni- 
ioto the finest ramifications of the nerves. 

These appearances are also associated with changes in tbe neurilemma : 
•part from the circumscribed traumatic neuritis at the site of lesion, an 
incresse of the nuclei in tbe sheath of Schwann occurs in the entire periph> 
«nl portion of tbe nerve, together with a considerable accumulation of 
eellolar elements in the endoneurium and perineurium ; these become 
tansformod into spindle cells and connective tissue, which increases to a 
Sisrked extent, forces itself in broad bonds between the individual buu- 
dles of nerve-fibres and into tbe latter them.-wlTes, leading finally to cir- 
riiads of the nerves. How this b>-porplaaia of the connective tissim 
Ooeun ia a question ; whether from the irritation produced by the pro- 
dnnta of degeneration of the nerves or from paralysis of rasomotor and 
bophic fibres is still undecided. 

After B ohorter or longer period, according to the form and soveri^ of 
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tbe lesion, more or less complete regeneration of the nerve oceiirB. The 
iinaettled question as to the manner in which this ia effected may be left 
to the histoIogiBts. To ua as electro- therapeutists it ia Bufficient to know 
that it does occur. 

Parallel ivitli the changes in the nerves are analogous histological 
changes in the muscles supplied by them. The first phenomenon notice- 
able ia a progressive dimiuutiou in the size of the muscular fibres, wlilch 
becomes distinct during tho second week, is very considerable after the 
lapse of a few weeks, antl, in incurable cases, leads to complete disappear- 
sjice of the fibres. The transverse striatLon becomes somewhat indistinct, 
but fatty or granular degeneration of the fibres is obsei'ved only exception- 
ally. A considerable increase in the number of the muscle nuclei, which 
nre accumulated in masses and chains, occurs at the same time ; finally a 
chemical change in the muscular Bubstauce develops and is manifested by 
the greater tendency of these muedes to the development of so-coUihI 
waxy degeneration. 

Cellular infiltration and connective tissue proliferation in the intiT'^ti- 
tiol connective tissue of the muscles also occur, and the terminal resull is 
an evident cirrhosis of the muscle, whose atrophic and small fibres appeiu- 
surrounded, after the lapse of a few weeks, by large tough bunds of fibrous 
tissue. In incurable cases the entire muscle is transformed into connec- 
tive tissue, which may afterward become the seat of a deposit of fat. 

As soon fts the regeneration of the nerves occm-s, the muscle is slowly 
restored to its normal condition, though this requires a long time. £x- 
])erimentnl and clinical investigations have proven that these degenerative 
changes are the main cause of the De R. 

The degeneration of the peripheral portion of tlie nerve corresponds 
exactly in point of tune to tlie diminution and extinction of its fttradic 
and galvanic excitabihty, and is undoubtedly the cause thereof, 'With the 
regeneration of the nerve begins the return of the excitability of its periph- 
eral portion. But the electrical irritabihty I'eappeora somewhat later than 
the conductivity of tbe nerve-fibres for voluntary impulses or for electrical 
irritation apphed to the central portion. This seems to depend upou 
the stage of development of the regenerated fibres ; they do not npi>ear to 
become excitable until they are provided with a medullary sheath of a 
certain width, while tliey are capable of conduction at an earlier stage. 
■With the increasing developuient of young fibres the irritability increases 
but it remains below the normal for some time, partly on account of the 
insufficient development of ner\*e-fibres and the cirrhosis of the nerves, to 
a stUl greater extent on accoimt of the atrophy and ciiThosia of the mus- 
cles, which do not respond with normal rigor to stimulation proceeding 
from the nerves. 

The degeneration of the intramuscular nen'ea is the cause of the de- 
pression of their faradic and galvanic excitability during tbe first week, u 
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^B changes are noticeable at thb time in the muscular fibres the in selves. 

Th« chemico-histological alterations of the tnmsreraely striated sub- 
stance are undoubtedly the cause of their inescitability to the short foradlc 



1. I'ftralyiiB with relatively e»ily return of motion. 




p t. Incnnble paralysis. Motion lost permonentlj. 




rarrent on the one hand, oud the great increase and qualitative change of 

gntruiic irritability on the other hand. The further course of these de- 

It^nemtive chau^^ea, the increasing atn>i)hy i)f the uiumnilar fibres, cause 

» later depression of galvanic irritability. The coiupenHation of theao 
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chiinges and the return of the previous volume of the muscles give rise to 
the restoration of noi-mal irritability. 

With a view to the more ready comprehension of the facta 1 append 
three plates of De R and its relations to degenerative atrophy. In all 
three the first heavy ordinate indicates the occurrence of the lesion, the 
sudden cessation of mobihty ^°^°°j_ its beginning return is indicated by 
an asterisk (*) ; in the first plate you find an early, in the second a late, 
in the third no return of mobility. The figures above the ordinates indi- 
cate the number of weeks which have ehipsed since the occurrence of the 
lesion. The wavy shape of the line, showing tlie galvanic irritability of 
the muscles, indicates its qualitative alteration. The short remarks above 
the plates point out approximately the stage of the histological changes in 
the nerve and muscle. 

But it should not be expected that a similar regularity in the course 
of the changes will be observed in all pathological cases, as it is in an ex- 
periment or in simple traumatic lesions of the nerves. There are numer- 
ous deviations from complete " De R," wiiich may be occasioned by the 
form of the lesion, various disturbances of the trophic influences, tempo- 
rary improvement, constantly recuiiing fresh disturbances, et^^. Even 
the period at which the regeneration of the nerve begins may produce 
great differences in the general symptomatology of the De R If the re- 
generation occurs early, the nerve may be in'itable to the iaradic anil gal- 
vanic currents, while the changes in tJie muscle are still at their height. 
It may therefore happen that the muscle reacts in a normal manner to the 
nerves, but direct irritation atill pi-oduces De B. If the regeneration oc- 
curs very late the muscular changes may have passed into the later stages, 
with greatly diminished galvanic irritabihty when the electrical irrita- 
bility of the nerves begins slowly to reappear. 

But there is an entii-e series of cases in which the course does not cor- 
respond entirely to the above scheme, but only a part of the changes 
develops typically, while the remainder are not developed at all, or only in 
a rudimentary manner. In these cases the irritability of the nerves does 
not disappear, but sinks to a certain, often insignificant, degree, although 
the changes in the galvanic irritability of the muscles are developed in a 
typical manner. I first observed this condition in sis cases of rheumatic 
facial paralysis, and have included this category under the t«im "partial 
De R." 

This can be readily described, and is depicted on the accompanying 
plate. 

Merely a slight depression of faradic and galvanic irritability occurs in 
the nerves ; this is often very insignificant hut always distinctly demon- 
strable. It is often mauifested more by the diminution of the maximum 
contraction than by the later occurrence of the minimum contraction. A 
corresponding diminution of faradic ii-ritabllity also appears in the mus- 
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I, while tlie galvanic in-itability presents the same changes as in com- 
plete De B. But experience teuches that in all these coses of partial De 
R, the disease is compomtivelj milil and diaappeara with relative rapidity. 

In these cases it is probnhle that tlie nerve is not degenerated, or very 
slightly, wliile the mtiscle preoentfi the same histological lesions to which 
we previously attributed the changes in their electrical irritability. 

Experience teaches tlmt nil possible gradations may occur between 
normal reaction and pulial Do R, and between tlie latter and complete 
De R, and you may not infrequently observe, in tlie same indiWdual, that 
]mrtial and complete Do R are present in different parts of the muscles. 

Occun-ernx.~-Yoa will have foreseen that it is undoubtedly present in 
all forms of disease which are analogous to the experimeuttd dividon 
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or coiDpression of motor nerves, viz. : in so-called traumatic paralysen, 
whicb are protiuced by injury, section, rupture, oi- bruising of the ner^e. 
To this category also belong the nimicroufl compression or pressure 
paralyses, if the lesion of the nerve reaches a sufficient grade to destroy 
the trophic influences. You will learn hereafter that in mild forms of 
compression porolyds, motor conduction may be alone disturbed, while 
the completely intact electrical irritability allows us to condude that all 
Lropbic disturbances of importance are absent .\mong these rompression 
paral^-ses I not alone include those due to external mechanical pressure 
(sleeping on the arm, light surgical bandages, tourniquets, difficult labor, 
poor crutches, etc.), but also to internal pathological procesaes (tumors, 
aneurisms, extravasations of blood, retraction of cicatrices, formation of 
callus, joint changes, etc.). 

This also includes so-calletl neuritic paralyses, especially those in which 
there is at first interstitial neuritis and mechanical pi'essure upon the motor 
s caused thereby, while in those forms which are described as poren- 
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We may nlao conclude that the paralysis or ati-opliy wbich its present 
baa a neurotic origin, and that some serious disorder must be Eitualed 
either in the peripheral motor conductors, or in the trophic ceutivs of the 
ceiiU^ organ, i.e., iu certain portions of the anterior gray substance of the 
epiual cord or the medulla oblongata. 

With regard to theii' nutritive conditions the motor nerves and mus- 
cles are under the iutlueuue of certain nervous appiuatus (trophic centres), 
by whose continuous action they are retoineil iu a normal histologiciJ and 
f tuiclioDul oondition. We may entertain the suspicion that tlie large mul- 
tipolar ganglion cells, or at least a part of them, possess these trophic 
fuDctiona. 

Every separation of the peripheral nerves and muscles from this cen- 
tral apparatus disturbs their trophic actions, and the jwripheral parts will 
undergo progressive degeneration until the comiecUon with Uie centres is 
again restored. It is immaterial with regard to the effect whether the 
ee|>aration is due to interference with conduction or int«rruptiou of con- 
tinuity in the peripheral paths, or to destmctiou or abolition of fnnction 
of the centres : iu both events degenerative atrophy is inevitable. 

How these trophic influences produce their effect is merely a matter of 
conjecture. But all fiictn hitherto known agree iu this, viz. : that true 
degenerative atrophy nnd De R occur in neurotic disorders alone and 
(hat these possess a definite situation ; De R does not occur in undoubtetl 
primary a&ctions of the muscles. 

But there are cases of simple atrophy of the muscles, without degen- 
erative changes and without De R, which may attain very high grades ; 
they occur not infi-equently in the lost stages of severe spinal paraplegias, 
sometimes in consequence of severe cerebral paral^-sis ; a somewhat simi- 
lar condition is fmrnd in pi-ogressive unilateral atrophy nf the face. From 
our previous experience we may assume that, in such eases, tlje gray an- 
t«Korcolumns must be intact. This view has received corroboration from 
StrumpL'U's recently published case of spinal disease, iu which extensive 
atrophy was present without any degenerative disturbance, without De R 
— but also without degeneration of Uie anterior gray columns But we 
are still ignorant as to the real cause of this form of atrophy, whether it is 
due to simple inaction or to some other form or degree of trophic dis- 
ttirbaucv. Perhaps n portion of the muscular atrophies, which are ao fre- 
qturnt in joint idtoctions, belong to this group. 

lb retnm, after this digression, to the Do R, its occurrence only 
■ OB, with reference to the diagnosis of any affection which may be 
1^ tliat certain histological changes— degenerative atrophy— ar« pres- 
eat in Ute nerves and muscles, whence follows immediately a conclusion 
with ragsrd to the severi^ of the lesion and the degree of disturbance of 
coodoction. 

Witli regard to the site of the lesion the De R merely shows with 
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certainty tliat we liave to deal witii a ueiirotic offectioD, find that the 
lesiou luuBt be situated eitber in the peripheral nerves, the motor roots, 
or the gray masses of origin. A true cerebral affection is positively ei- 
duded by the presence of De R. 

With reference to the diagnosis of the hind of lesion, little can be 
determined, from the presence of De R, with regard to the more imme- 
diate catise of the paralysis. 

Tery important tiud practically valuable conclusions may be drawn in 
many coses with regard to prognosis. 

Under otherwise mmilar circumataneea, i.e., in one and the same form 
and cause of liisease, the lesiou is so mDuli luoi-e serious, the duration of 
the disease the longer, the chance of complete restitution sUghter — the 
more developed and complete the De K is and the more advanced the 
stage in which it is found. Partial Do R is therefore more favorable 
tliaii the complete, the later stages more uufavorahle tliiui the earlier. A 
prognosis may thus be made in the individual forma of disease. 

The moat striking example of this is afforded by ordinniy rheumatic 
fac^ paralysis, three forms of which are distinguished according to the 
duration and severity of the disenso and are recognized by tlie results of 
the electrical examination. If the electrical irritability is entirely normal 
(mild form), the prognosis is verj- favorable and the disease will last two to 
three weeks ; if partial Do R is jireseut (middle farin ), the disease will con- 
tinue about one or two months ; but if complete De R ia present (sever* 
form), the prognosis is relatively unfavorable and the paralysis will last 
from three to nine months or longer. Similar statements with regard to 
prognosis will nlso hold good of comi)ressiou-i>ar(Uysis of the radial nerve, 
and of one form of spinal disease, viz., clirouic anterior poUomyeUtis. 

It must not be forgotten, however, that these prognostic rules do not 
obtain for all possible paralyses but for those alone which jmssesa a certain 
etiology and similar loctdization. It is therefore only true of rheumaUc 
fitoial paralyses inter sc, or of compression pantlj-ses of the radial nerve 
iiUiv se ; hut it is not permissible to compare a cerebral facial paralysis 
with one due to caries of the petrous portion of the temporal bone, or 
the latter with a rheumstic piira]\-sis. or to compni-e the conditions of & 
t'uiapression pamJysis of the radial nerve with one produced by the fonuA- 
tiou of callus, or with progressive musoidar atrophy in this region. 

The description of De R here given does not by any means pretend to 
be exhaustive in all directions and details ; it furnishes merely the general 
typical picture, its regular appearance in simple and uncompUcated coses. 
Hut I mil not fail to add a few esplanatori- and special remarks. 

It hes in the nature of the cjise that all kimis of variation from the 
typical condition occur : pathology does not deal with simple and smooth 
OX|M<rimeuts, but with varying, complicated, fluctuating, morbid proceases. 
Their mors rapid or slow devolopmeut, the occurrence of improvement 
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relapee, so that processeH of degeneration and regeneration are 
iniugled witli one another, instead of developinf; in a regular series ; cir- 
cumsoribed or manifold disseminated lesions, wliicli affect ot>\y individual | 
parts of the nerves and muscles in varying combination ; repeated occ 
rence of degenerative atrophy in the some n euro-muscular tracts, as, tor 4 
example, in recurring lead palny ; combination of various clisturbaucea, I 
which may lend at the some time to different kinds of cLnnge of electrical .1 
iii'itabihty — these are the chief factors which may disturb the regular 'I 
course of the De R, As a matter of course, they produce an extraordinary I 
variety and complication of conditions, which we must expect in patho- 1 
logical cases, aud wliose disentanglement and explanation con only be ef- 
fected when we constantly keep in mind tlie possibihtiea just mentioned. 

Above all, however, a very careful and skilful examination is neces- 
sary ; by a large experience alone can the De R be recognized under less 
favorable cii-cumsttuices and the characteristic peculiarities determined 
when they are very slightly marked. Especially in the later stages it is 
always veiy useful to introduce the greatest possible quantities of current 
into the muscles, in order to compensate somewhat for tlie advanced 
diminution of irritability : therefore large electrodes should be employed, 
the skill well moistened, the strength of the current increased by changes 
of polarity, perhaps both electrodes placed upon the nmsole, and disturb- 
ing contractions of other muscles excluded aa much aa possible. The 
latter precaution is especially serviceable in examination of the small mus- 
cles of the hand, the Imll of the thumb and the interossei, and is effected 
readily by applying the indifferent electrode either to the dorsal surface | 
of the wrist-joint or the palm of the hand. 

By means of these and similarly modified applications (made la I 
acconlance with Ohm's laws), it is usually possible to distinguish the rel- 1 
atively feeble and slow contractions of I>e R from tlie more vigorous con- 
tractions of the adjacent muscles. Thia can be rendered still easier bj 1 
excluding the movements of the healthy muscles by means of suitable fix- 
ation. If the irritabihty is veiy much depressed during the latest stages | 
and when the miLsclea are uninfluenced, it may happen that the excita- | 
bility does not make its appearance tiiBtiuclly until after repeated exomi- I 
nations. Ver>' useful and imimrtant iu many cases in the demonstration of 
beginning or alight degeneration, is tlie recognition of a form of " double 
coutr&ctiuu " which I have often observed and demonstrateil : upon closure 
a short, lightning-like contraction of the adjacent healthy muscles in ob- 
serveil at the beginning aud is followed immetliately by the slow, charac- 
teristic contraction of De R. Thia may be noticed very distinctly in lead 
patsy, in which, upon stimulation of the extensors of the forearm, a short, 
lightning-like flexion of the hand and fingers occiu^ and is immediately 
followed by slow, less marked extension of these parts. It is very instruc- 
tive, also, when, in beginning De R, Ca CI pnxluces a vigorous, lightning- 
like contraction, \n CI a slow, long-drawn contraction in one and the same 
muscle ; thia may be observed with special distinctness in bulky muscles 

Keeps or biceps brachii, vastus intemus, etc.). 
Id bertain cases of De R the stage of increased excitability appears to J 
very short, perhaps entirely absent, and the qualitative cliouges o{ 1 
Stability then develop alone. I lay much more stress upon tbess ] 
latter chan<*eii than upon the increase of excitability : tlie De R will bIwbts | 
be recognized most certainly by the alow, insufficient contractiona and the I 
predominance of Au CI action. 
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Frequently no distinct changes can be demonstrated in old eases; 
there ma}' be merely a simple diminution of excitability, including the 
galvanic excitability, and it may be doubtful whether De B has been pres- 
ent or not. In this event there may be numerous combinations with the 
simple diminution of electrical irritability due to spinal diseasea 

It is a very interesting and theoretically important fact that well-devel- 
oped De R is noticed occasionally in muscles which are not at all paralyzed 
or present merely a moderate and insignificant diminution of mobility. I 
noticed this first in a case of lead palsy ; the deltoid presented no appreci- 
able disturbance of motion, but mai'ked t^-^ncal changes of galvanic excit- 
ability with sUght diminution of faradic excitabihty (the nerve-trunk was 
not examined). Kast has recently described a case under my observation 
in which the thenar muscles, although retaining normal power, presented 
complete De R, i,e,, the nerve itself was inexcitable to faradic and gal^^anio 
currents. 

A different reaction of the nerve to the faradic and galvanic currents, 
analogous to the De R in the muscles, has been observed in veiy excep 
tional instances. 

It is a more noteworthy fact that, during a certain stage of De B, the 
degenerated muscle reacts with an exquisitely slow contraction to fEuradic 
stimulation and to stimulation through the nerve. In this event the 
muscular fibres are evidently so degenerated that they are no longer cap- 
able of contracting quickly as they usually do, for example, in cases of 
partial De R, when stimulated through the nerve. This x>eculiar reaction 
appears to occur only when the nerves are regenerated, or at least only in 
the later stages of the entire process, when it has nm a very long course. 



LECTURE X. 

IF QiiKitilfttlve anil Qnalitattve Chuigea of Electrical Irritability : a. Incroua 
J <d tieooudaiy Irfitabilitjr (CouvaUible Iteuctioni — li. DimiDDtion of SecoudmT7 
I IiTitubiiitj' (Exhaustiim Eeoalionj — f. QualiMtivH (.'hau)^ in tbe Law of Coa- 
[ tnuitioD of Motor NoTves— d. Different Reaction of tbe Nerves to the Fanuliu 
[ Mid Galvnuio Cuireutit-^d. Latent Period uf Irritation in Famdlo Slimulatiun of 
tbe Hnscles— / Dipleglc Contiactioiu— B, ElKtro-diagnoaiB of the Senaoiy 
I Nerve* — Auomaliea of Parado-cauuieous ami Farado- muscular SensibiJity. 

[T.vTivE AND Qu*LiT.\Ti>-E Chasoes OF Electkical Iiouta- 



In this section I will give n short description of varioua rare forma of 
electrical reaction which hiive been observed occaaionaUy but wbidi ore 
nt tbe preaent time devoid of practical aignificauce. 

ii. Beuedict baadeHcribed as t'oin;u/«We jeatdon a quantitative change 
of irritability in which, after tiie current bos been allowed to act for a 
short time, the contractions proilucej are much more vigorous than 
normal, and may even be Intensitied into convulsive contractions. This ia 
probably tie same as Brenner's " increase of secondorj' irritiibility. Under 
the Urrni " secondoi-y iiTitabiUty " he refers to the degi-ee of irritahiHty, 
expresMed in numbers, which ia produced by the action of the current 
itself upon the nen-ea. If, for examjile, tlie nene in the beginning shows 
the firat Ca CI C with sixteen elements, and aft«r the current bos paaaed 
for some time with twelve elements, " sixteen elements " indicates the 
primarj', " twelve elements " the secondary irritability of the nerve. Tlio 
fnrtber these figures become removed from one anotlier, tlie less, tlierc- 
fore, the number of elements wliich prove effective at a later jieriod, the 
greater the secondary irritability, and ntf trrna. Unfortunately, tbe part 
played in tbis secondare- irritability by changes in tlie resistance to con- 
duction ut the current itself has not been accurately detomiiued, and to 
the latter must jirobably be attributed the hon's share of this phenomenon. 
But there ia no doubt that coses occasionally occur which indicate a reid 
rltonge of irritabihty in this sense, as m certain psjclioses, tujnors of tlie 
bmin, certain spasmodic diseases, chorea, tetany, etc.; but its occurrence 
■ no appreciable practical significance. 
vb. The antithesis of the previous anomaly is the diminution of sec- 

iry initabUiti/, the reaction of cxhauaiion. While healthy nerves and 
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muBL'les abow no apprecialile exhaustion au<l maybe repeatedly etimuluU^'l 
effectively by the same irritant, it may liap^ien uuder pathological coudi- 
tions that the primarily eflective strength of current afterward becomes 
inefficient. For example, the miuimuin i^outractios at first occurred at 
180 mm. withdrawal of the cylinder; after some time, not until 100 mm.; 
and finally at 140 mm. Or the first Ca CI C oficurs with sixteen elemeuta. 
but, after repeated closure of Uie curreut, eighteen or twenty elements 
ore requiretl to produce contraction. 

This phenomenon has been observi^d in paralysis from tliaoase of the 
cerebral hemispheres, in progressive nmscular atrophy and in apopleotic 
hemiplegia ; it has also been found in a case of true muscular hypertrophy, 
and in another case of probable chronic anterior pohomyelitis, t«mporsrilv 
during the gradual depression of faradic irritability of the muscles in the 
transition to De B. 

(,'. Qualitative change in Hie law of conlraclion nf ihe nerveg. Qutditative 
changes in the law of contraction are as rare in the nerves aa tbey are 
common in the muscles. Brenner, despite his extensive experieuce, has 
never observed any of these changes. 

In two cases I observed, in the ulnar nerve, the occurrence of An CI C 
before Ca CI C, the contraction being of a purely nervous character (short, 
hghtning-like). Both coses were chronic affections of the spinal cord, one 
being locomotor ataxia, the other a complicated disease (spastio piuvlysis 
of the legs, paresis with e-uggemted reflesea in the anna, senaory di&turb- 
nnces, indication of ataxia in left ai-m alone, etc.) In this case An CI C 
occurred earlier oud more vigorously in the left ulnar nerve with feeble 
ciu'rente, while the normal condition wns presented when stronger curreula 
were employed. More careful examination showed : 
With 10 elements An CI C Ca CI 
" 12 ■' AnClC> CaClC 
" 14 " AnClO Ca'ClC 
■■ 16 " An CI C = Ca' CI C, 
" 18 " Ca CI C"> An CI C, An OC 
■■ 20 " CaClC'> AnClC, An OC, CaOC 
Petfina has repeatedly observed a nmilar predominance of the An QC 
in cerebral tumors. 

Rumpf has found that the An OC occurs earliest and most readilv if 
the nerves in question are separated from the central oi^an. He haa also 
observed this in the human subject : 

1. Crutch paralysis of the radial nen-e, 15th day : 

Bnlthy tide. Dis«ued aide- 

Ca CI C vrith 11" deflection of needle ; 12° deflection trf needle. 



AnaC 
An O C " 35' 
This shows increased ii 
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\ S. Oompreasioa paralysis of the radial nene, 8tli day : 

Healthy ode. Duchbi] lidc 

C» CI C with 21" N D. 33^ N D 

CaDC> •■ 38* '• 37° •' 

AnClC •' 36* ■' 35° " 

AnOC ■■ 32 " 23^ " 

In this case, accoiiliugly, dimiuutioa of iiritability to Ca CI and io- 
creaM to An O, 

J. IXfferent reaction of the nerves to the j'aradic and tfotvanic currcnla. 
•Soon after the discovery of the De R the differeiice in the reaction of the 
luiucle to the faradic and galvanic currents was also supposed by the ma- 
jority of obserrers to hold good with I'egard to the motor nerves. I showed 
that this opinion ia inconect and that in De R the nerve reacted in exactly 
the same luaaner to the bradic and j.'alvanic currents. It appeared indeed 
as if this were olivays the ca^, at least no other result was obtained iu the 
iuiiuiuerable obsenations of De R in the huiuau subject. 

But there are a few facts which prove that this change of irritabiUty in 
the uerves really occiirs. Bernliai-dt has reoently described a caae of tmu- 
uatic ulnar paralysis in which this uerte presented distinct diminution of 
faradic irritabihty, and a not inconsiderable increase of gal^'anic excita- 
bility. But this case belongs undoubtedly to De K. despite the incompre- 
heusible repeated assurance of the author " that no Dv R was present ; * 
according to the clinical historj', the muHcles supplied by the ulnar ner^e 
presented increased galvanic excitabihty, pre*lomiiiauce of An CI C, and a 
alow mode of coutractioii, with markedly diminished or entirely extin- 
guished faradic irritabihty. 

«. Laient period of irritation in faradic stimulation of the munclet. By 
means of an apparatus devised by Marey, M. Mendelssohn has measured 
the period of latent irritation of the muscles in the human subject ; he 
employed only the faradic current as the irritant, and found that thia 
period preaeuted a variable duration (O.OOfi to 0.008 second ou the aver- 
age), dependent on the intensity of the current on the one hand, and on 
the irritability and contractihty of the miiacles on the other hand. 

Under pathological conditions, numerous variations occurred in the 
duration of this period of latency ; it stands in an inverse relation to the 
irritability and contractility of the muscles. Its duration diiniuiahee 
constantly in contractured muscles, and increases with the existence and 
intensity of trophic changes in the muscles. Thus. Mendelssohn found a 
diminution of the perioil of latency (to 0.003 second) in hemiplegias with 
contracture of the muscles, iu spastic spina] paralysis, chorea, etc ; and a 
prolongation of this period (to 0.02 to 0.04aecond| iu hemiplegia comph- 
cated with atrophy, in progressive muscular atrophy, in amyotrophic lateral 
sclerosis, in ataxia during the stage of paralysis and atrophy, and also io 
bjrtaxi* (0.009 to 0.015 second). 
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It would be interesting to iDvestigiite aomewliat more closdj the rela- 
tious of tlie period of latency in degeneration reactiou. 

_/". Diplegic QOidraclionx, Uiider this terinR. Hemak first culled attention 
to remarkable phenomeiift of contraction which otcur in rare cases if the 
eleutrodes of the galvanic current are arranged in a certain manner, if 
the button shaped anode is placed in one mastoid fossa, or upon the adja- 
cent part of tlie neck, and a hroad plate-shaped cathode is put between 
the scapuLo or even somewhat lower on the other side of the vertebral 
column, peculiar, more or less vigorous movements will occur in the arm 
on the side opposite the anode, even if the electrodes are kept immorable. 
The contractions are said to remain absent if the position of the electrodes 
is reversed, also if the Ca is brought into the region of the neck. 

Remak looked upon these contractions as rellex and regarded the 
fiujierior cenical ganglion as their thief point of dei)arture, later the siin- 
ultnneous irritation of two sympathetic ganglia. The electi'od^s must 
therefore be situated far apai-t. The occurrence of diplegic contractions 
may be facilitated and strengthened by the administration of strychnine. 
Remak observed them especially in progressive muscular atrophy and 
nrthi-itis nodosa and attributes great curative properties in these diseases 
to gal^ituic treatment by means of this diplegic arrangement of tbe elec- 
trodes. 

These phenomena have been raiely observed by later writers. Drissen 
found diplegic contractions in a vasomotor neurosis and iu paresis of tlie 
nerves of the ai-m ; Morilz Meyer in arsenical paralysis, Pieber in lead 
paralysis, apoplectic paralysis, etc., Eulenburg in lead paralysis ; Eisenlohr 
found them slightly developed iu bulbai- pni-fllysis (but ivith reversed por- 
tion of the poles). I have observed feeble diplegic contractions iu a case 
of progressive muscular atrophy ; in a case of atrophic paralysis of the 
arms, with seusorj- and trophic disturbances of the skin (neuritis ? spinal 
disease ?), they did not occur distinctly until the patient had taken sto'ch- 
uine for some time ; in a third case of atrophy of the muscles of the hand 
and forearm (the interpretation of which was difficult) rhythmical con- 
ti'aotions occurred in various muscles of the fingei-s and forearm upon 
diplegic stimulation with both directions of the current ; the muscles re- 
mained motionless on direct irritation of the brachial plexus. 

The statements of various observei-s with regard to the best manner of 
producing these contractions only agree to a slight extent with those of 
Remak. Fieber could produce the contractions with the faradic current 
Moritz Meyer produced them fi'om other points (pit of stomach, dorsal 
spine), while Eulenbiu-g found that they appeared "upon crossed and 
even unilateral application to any part of the sm-face of the trunk vrith a 
stabile or labile current" You thus see how different the statements are 
with regard to these diplegic contractions. They possess no special im- 
portance fiom a diagnostic or therapeutic standpoint. To this category 
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of reflex phenomena belong also the " gal viuio -tonic reflex contractions " 
which were so careFuUy etudied by Remak, aud also the contractioiis ob- 
taiued, upon golTiuuc stimiilatioii of a leg, iu the amm or the uon-u-ritateil 
leg (in hemiplegia, ataxia, etc.), am! which are said to be caused by cen- 
tripetal action of the current. It is probable that these phenomena are 
due merely to an unusual degree of reflex irritability ; they poaseati no 
practical significance. 



^P- From & pathological titaudpoint very litU© is knon-n with regard to (he 
(Jectricat reactions of the aenaorj' nerves. \Ve ai'e acquainted oidy with 
simple increase (hypenesthesiu) ur diminution (aiiicsthesia) of electro-cu- 
taneous sensibility, which tisuidly runs parallel, to a gi-eater or less extent, 
with the disturbances of the remuiniug ([uolities of tegumeutar^- sensation 
(especially the sensation of paiu ). These disturbances may occur iu the 
uoat different morbid conditions and are determined by tlie methods pre- 
viously described (I-ecture VIL, p. fiG). Electricity serves merely as a 
test of function and does not determine the changes iu the irritability of 
the conducting patlis, as it does iu the case of the motor nenes. 

Thus we can ascertain that the electro- cutaneous sen sibihtr is increased 
or diminish e<l in various peripheral fui well as central (especially spinal) 
diseases, and iu what parts this occui-s. Especially iu uuiluterul ofTections 
we can often determine verj- slight changes by faradic examination better 
than by other methods of testing sensation. As an illustration I append a 
case of tratuuatic lesion of the vertohrjil column, followed by sUght weak- 
neas and aursthesia of the left leg, the latter symptom being readily de- 
tectetl by the electrical exatmination. 

A niftii, aged twenty-four years : 
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In locomotor ataxia it has been ascertained that the electroHmtaneous 
sensibility runs parallel, on the whole, with the sensibility to pain, and that 
if analgesia is present, tactile sensation being unimpaired, the minimmn 
of foradic sensibility as well as of the faradic sensibility to pain first de- 
velop with much higher strengths of current In many cases the farado- 
cutaneous sensibility appears simply diminished over the entire body and 
the difference in the withdrawal of the cylinder for the minimum Sensa- 
tion and pain is not much greater in many ataxics than in healthy persons. 
But the faradic examination discloses anomalies which may readily escape 
observation by the ordinary examination of sensation. The following case 
will serve as an illustration. 

Locomotor ataxia, man aged thirty-six years (the numbers for both 
sides of the body are grouped together, as they were approximately equal) : 
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A comparison with the normal tables distinctly shows the general dimi- 
nution of farado-cutaneous sensibility. 

In but one case of ataxia did I find an evident farado-cutaneous anal- 
gesia, while the numbers of the minimum sensation were scarcely dimin- 
ished. In this case the numbers of the minimum farado-cutaneous sensa- 
tion varied from 203 mm. (cheek), 170 (arm), 177 (thigh), 150 (sole of 
foot), but absolutely no sensation of pain could be produced in any part of 
the body by the most powerful current. This condition appears to be ex- 
ceptional, however, even in locomotor ataxia. 
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LECTURE XI. 

L Beotro-diagDodB of the Nerves of Special Sense. 1. Optio Nerve and Retinn— 3. 
Aooustic Nerve sod Auditory Appamtmi— o. Simple Galvanic H7p«csBtheBiB — 4. 
UTpersatliRsia with Change and Reversal of NormiJ Formula — e. Qualitative 
Anomalies without HypHcwMtbosia— rf. Torpor— 3. Serves of Taite— Eleotrodiof 
Dosiaor the Voaomotor Nerves, the Sympathetic, Pneumogaatric, Central Ner- 



1. To my regret I must admit that very little is known with regard t« 
the paibolotpcal relations of the electrical ii-ritability of the retina aud 

It haa long been known that the galvanic reaction of the visual appara- 
tus dimiuitthes and dinapjieara iu luaaurosiB, atrophy of t)ie optic nerve, 
and similar leaiona, but Neftel first made detailed attitemeuta based upon 
Brenuer'a method of examination : in a case of hemianopsia he found n 
correspondiDg defei^t in the galvanic color disk, and thin is also said to oc- 
cur in separation of the retina ; he finds thiit, as u rule, the galvanic reac- 
tion of the eyes is parallel with the acutenesa uf sight. 

I have mule n few investigations in this direction but 1 must confess 
that they arc incomplete in many respects. 

I make brief mention of the following personal cases : 

1. Double optic neuritis witli secondary atrophy of optic nerves ; am- 
blyopia (lingers visible at 6 and 2 feet). Feeble galvnnic sensation of 
light on both sides: whitish, without any difference between both poles or 
at opening and closing the current 

2. Fracture of skull. Left eye completely amaurotic : right eye. am- 
blyopia and tempoi-al hemianopsia. No galvanic reaction iu left eye : in 
the right eve galvanic sensation of hght, confined almost eiclusivelT to 
median (left) half of the held of vision. 

3. Case of locomotor ataxia with complete amaurosis from atrophy of 
the optic nerves ; formerly had distinct galvanic sensation of light ; Uiis is 
now entirely absent, however strong the current employed. 

4. Tiimirr cerebri (?). Bilateral complete amaurosis ; at first choked 
iliak, later white atrophy of the optic nerves : indifferent electrode placed 
upon tlie neck ; when the active electrode is placed upon the right temple, 
u{Km the right or left cloaed lid, a sensation of light is produced upon the 
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right side alone, upon Ca CI and An CI ; if the active electrode, however, 
19 placed upon the left forehead, then a feeble sensation of light is per- 
ceived upon the left side in addition to that on the right 

6. Amblyopia of right eye from retrobulbar neuritis. Vigorous gal- 
vanic reaction in the left eye ; no sensation of light in the right eye with 
G and 8 elements ; a few months later, after distinct improvement of vision 
had occurred, the right eye also reacted distinctly, but more feebly than 
the left 

6. Bilateral amaurosis as the result of a pistol-shot wound of the left 
temple ; feeble vision on left side, absolute blindness on the right side ; 
smell lost. Distinct sensation of light on right side, with 4 to 6 elements 
and the most direct galvanic stimulation possible. On the left side, feeble 
sensation with 2 elements, strong sensation with 4 elements (considerable 
improvement of vision at a later period). 

I refrain from drawing any conclusions from my observations, but I 
believe that the study of this field would be well repaid and I recommend 
it to the attention of ophthalmologists. 

2. We are much more fortunate with regard to the electro-pathological 
reactions of the nervous auditory apparatus. It has been found, in a cer- 
tain series of cases, that the results of the electrical examination not alone 
furnish indications for electrical treatment, but also for the special method 
to be adopted. In most cases we have to deal with obstinate tinnitus an- 
num, which can be relieved by no other method but is often cured by the 
galvanic current. 

Brenner in his investigations found a number of anomalies in the gal- 
vanic reaction of the acoustic nerve, all of which have been corroborated 
by later observers. The most frequent of these is 

a. Simple galvanic hypeixesthe.<ija of the acoustic nerves. It is character- 
ized by more ready irritabihty of the nerve without any change in the 
normal formula. The readiness with which the nerve reacts in such cases 
is often astonishing ; the complete formula of acoustic reaction may be ob- 
tained with a scarcely perceptible current. 

Increased reaction to veiy feeble currents is therefore the first and 
most striking criterion of this galvanic hypenesthesia ; it is manifested not 
alone by the fact that Ca CI produces sensations very early, but also that 
An O sensations occur vdih relatively feeble strengths of currents, near to 
Ca CI sensation. 

The sensations of sound- are also unusually loud and of very marked 
timbre and character (loud whistling, hissing, ringing of bells, etc.). 

Furthermore, these sensations continue much longer than normal, so 
that very soon the Ca CI rinp^ng continues during the entire duration of 
the closure of the current, although with somewhat diminished intensitv. 
!ind the otherwise momentar}' An O reaction is converted into a more or 
less prolonged (sometimes 20 to 40 seconds) loud ringing, which gradually 
subsides. 
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1 Bretmer has further aliown vrMi regard to this hypenesthesia, that Uie 
•ecoiidory and tertiary irritaLUity is considerably increased, and that tlie 
increased irritability is manifested with simple positive and negative 
changes of polarity, as well as iu various other respects. 

Brenner's "parados reaction " must be regarded as an especially high 
grade of hyperaastbesia. This is characterized by the fact that when one 
ear alone is armed and examined — the other electi'ode being placed in the 
hand or on the sternum — the unarmed ear also reacts, in the same manner 
as if it were armed with the indifferent electrode. This condition appeal* 
paradox because Brenner has shown that the ac- 
oustic nerve always reacts to the electrode situat- 
ed nearest to it But it can be readily shown 
that, in the method of application referred to, 
the threads of current entering the skull at the 
one ear must leave it in the neck, whether the 
indifferent electrode is situated in the neck, 
sternum, leg or hand ; this condition is the same. 
however, as if the indifferent electrode occupied 
theentire neck. But the unarmed ear is iu closer 
proximity to the neck than to the armed ear, and 
consequently it must react to the indifferent elec- 
trode situated in the former locality. Thus this i 
phenomenon loses its paradoxical character. It < 
is nothin(( more than the expression of so marked 

on increase in the galvanic irritabibty of the acoustic nerve that even the 
feeble correnta which reach the unarmed ear are capable of evoking sen- 
sationa of sound in the latter. It would be better perhaps to discontinue 
the use of the term "paradox reaction." 

Simple galvanic hypenesthesia of the acoustic nerve is a very common 
phenomenon ; I have very often found it accidentally in individuals who 
were scarcely aware Ihnt their auditory apparatus was not normal. It 
occurs with very moderate disturbance of hearing, with but slightly dis- 
tinguishable clianges in the ear (opacity and retraction of the membranit 
tympani. partial atrophy of the latter, etc.) ; very frequently in all pos- 
sible chronic iliseases of the ear, old purulent otorrhcea, purulent inflam- 
maliotiH of the middle ear. destruction of the membrane, chronic catarrh 
of Uie middle ear with difficulty of hearing and tinnitus aurium ; also in 
caries of the )ictrou8 portions of the temjioral bone, in gunshot and other 
injuries of this bone from fractures of the skull, in rheumatic and trsu- 
tnatio facial paralysis, etc 

Brenner has also pointed ont a strikingly frequent coincidence of thi« 
(and other) pitthological reactions of the auditory nerve with central or 
intmcrauiol disturbances in the organ of sight ; as in paruI_i-8iB of the 
ocular muscles, mj'driagis, paxeais of accommodation, etc, following frao- 
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tares of tlie skull or intracranial diseases of various kinds. This ia fre- 
qaently merely an accidental coincidence, but in many cases there is a 
direct connection, tiie central disease gi^Tng rise to both disturbances. 

In fact, galvanic byperajsthesia (and other anomalies) of the acoustic 
nerve are occasionally observed in central diseases (loconiotor ataxia, 
chronic myelitis and encephalitis, cerebi-o- spinal meniDgilis, tumors, etc.). 
Their intimate connection with the central disease has not yet been aa- 
certaineiL Very interesting also ia the repeated demonstration by Jolly 
of galvanic hyperarsthesia of the acoustic nerve (with or without qualita- 
tive anomalies of the formula) in auditory halluciiiutions. 

Brenner has formulated a very attractive explanation for the develop- 
ment of galvanic liypenusthesia in ear diseases. He starts with the well- 
known fact that our nerves of special sense fall into a condition of 
increased irritability if their adequate stimuli are withdrawn for a pro- 
tracteil period ; if kept for a long time in the dark, we therefore leom lo 
distinguish our surroundings, are dazzled by ordimu-y daylight, and re- 
cognize electrical Images more distinctly in the dark than in the light 
This is also true of the auditory nerves ; but if this condition of deprivaUou 
of auditory stimuli lasts for a long time, nutritive disturbances occur iii 
the nerves, which are manifested by increased and perveise reaction of 
the auditory nerve, and may finally lead to diminution of irritability. 

This explanation will hold good for those cases alone in which the gal- 
vanic hyperesthesia is combined with disturbances of bearing, with 
diseases of the auditory conducting apparatus ; and these cases undoubt- 
edly form the majority. But there are cases of galvanic hyperjwrthesia 
(even with a change of the normal formula) in which no trace of auditory 
disturbance can ho demonstrated, and some other mode of development 
must be acknowledged for such instances. 

The coincidence of simple hypei-aasthesia with nervous tinnitus aurium 
is extremely frequent and practically of the greatest importance. I will 
refer to this subject in the section on therapeutics. It may hero be men- 
tioned that a part of these subjective noises appear to develop in the 
nerve itself. In many of these cases simple hypenesthesia of the auditory 
nerve is present, and they are characterized especially by the fact that the 
electrical current has a sedative influence upon the tinnitiis aurium. As 
a rule, the subjective noise ceases forthwith and completely at An CI and 
An D, but occurs with its former or increosed intensity at An O, while Ca 
CI and Ca D cause a considerable increase of the roaring, and Ca O a tem- 
porary diminution. 

In another series of cases of subjective noises, the cause must be sought 
outside of the nerve ; these are entirely uninfluenced by the galvauio cor- 
i-ent, whatever its direction and strength. 

Tlicre is also a thu-d group, in which two kinds of noises are present at 
f^e same time, one of which is diminished by the current, the other en- 
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■ tirely uniafiueiiced thereby. Hj-penestheaia io uBoolly present in these ' 
cases, though not always in a pure form ; the former of these noiaea must 
probably be located in the nerve. 

We therefore possess lu the galvanic examination of the audltot^- ap- 
[laratus— on the one hand iit the demonstration of galvanic hypeneGthesia 
of the auditory nervo, on the other iu the detenniuation of the sedative or 
stimidant action of tlie various factors of galvoDic irritation upon the 
nervoup tinnitus aurium — a very imimrtant diagnostic aid in recogniziug 
certain forms of this annoj'iag affection as probably of a nei*vous cliaract«r 
and in differen tinting tlieni from other forma. You will learn at a lat«Z_ 
period what important prognostic and therapeutic data are also fumishMH 
by this examination. H 

We must regard as a further, though somewhat more rare, develops 
ment of simple hypenesthesia : 1 

6. Oaloanic hypenrstkma mlh annmalij and even reverml of fhe normal.^ 
formula. In addition to the normal sensutions of sound, other patbo- I 
logical ones occur, at first An CI and An D sensations, later Ca O sensation, 
all with the signa of hyperrosthesia. In almost all coses the newly devel- 
oped sensations are very clearly distinguished by their character and 
timbre from the normal sounds. Among themselves the pathological 
sounds correspond as completely as the normal sensations in healthy indi- 
viduals or the Ca CI and An O sensations in simple hj'pencstJiesia. 
kThe following ca.se will serve as an illustration : 
A man aged fifty-four years. Chronic difficulty of hearing ; tinnitus 
Mrinm. Opacity and depression of tympanum. 

Left ear. External method of application, indifferent electrode on tlm I 
liaad. 10 elements. 
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Ca CI, shrill, lond whistling, 

Ca D, continuous whistling. 

Ca O, short humming noise. 

An CI, loud humming and roaring 

An D, grotlually diminishing humming. 

An O. whistling as in Ca CI. 



In addition, these new pathological sensations may gradnoUy b 
intensity ; tliey appear earlier and more readily than the i 
produced by the normal factors of irritation, and these, on Uie other hand, 
grow weaker and weaker. Finally, the normal sensations may entirely 
disappear and the pathological ones alone reni^, although the irritability 
is still increased ; the hypenesthesia is then attenddl with complete re- 
ii-orsn1 of the normal formula. 

The following personal case will serve as on illustration : 

A lady aged sixty years ; on the right side simple hypenesthesia, on the 
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As a matter of course a different form of galvanic reaction may b 
found in each ear, according as the aural affection is unilateral or varies 
on the two sides in kind, intensity, and duration. Tbe skilled phj-sioian 
will have no difficulty in unravelling sucli a condition by careful examina- 
tion, and the greatest possible isolation of each ear during the esaaiiii»>J 
Uon by Uie use of a branched electrode. 

I must finally add that we are warranted in accepting the idea of a COD-^ 
dition of 

d. Torpor of the auditory nerve. This means a diminished galvanic 
irritabihty of the nerve. The nerve can be stimulated by very consider- 

Iible currents alone, then gives merely feeble Ca CI sensations, often none 
You are aware that even tmder normal conditions galvanic stimulation 
6f the auditory nerves is frequently nnsuccessfid : we must therefore be 
wry cautious in adopting the notion of torpor of the acoustic nerve. 
Zliis diagnosis can be made most readily in cases of unilateral disease or 
when we uin directly follow the gradual transition from abnormal readiness 
of irritabilily to pathological difficulty in evoking irritabili^, as occurred in 
one of my coses. 
^^ Torpor of the auditoi-y nerve generally occurs only in severe and in- 
^^Morable disturbances of audition, although no definite relation can be de- 
^^■•rmiueil to any anatomical changes which may be present This anomaly 
^vla rare and recognizable witli difficulty. 

3. With regard to galvanic stimulation of the nerixa of taste nothing 

has hitherto been determined, under pathological conditions, beyond 

^^simple diminution or loss of the galvanic sensation of taste, which is readU; 

^^Uaooguizod by the methods previously mentioned (page 65). 

^^V Concerning the electro- diagnosis of the olfactory nerves, and also of the 

^■^WBomotor and secrelori/ Jierves, the cervical st/mpaihctic, the pneumogastrK, 

the /«wi-(-wr(nc/f, liUidder. uterus; centrid ortfaita of the ttfTvciu xyalem, etc., we 

know nothing at the present time ; tbe observations hitherto made cannot 

be utilized practically. As a beginning worthy of notice we may mention 

the observations made by Hitzig on the reaction of paralyzed muscular 

fibres of tbe vessels. Ho found in several cases of paralysis of tbe axillaiy 

nerve thtit, in tbe region of circumscribed amesthesia of tbe skin caused 

thereby, the integument became entirely white upon stimulation with 

strong labile galvanic currents, while the surrounding healthy portion 

acquired a purjile color. Stimulation of longer duration, the application 

of a strong stabile galvanic current or of a faradic brush kept in one 

place, produced, on the other hand, more or les^ marked dilatation of 

veaeelB with tbe formation of wheals. Hitzig observed similar though U 

marked phenomena in other paralytic and trophic disorders, but the 

subject has not been investigated further. 
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LECTUltE XII. 

The Thorapeutio VoJua of Eleotrioit.v — Variom Electro -therapauiic Theoriea— Bm- 
piiiol Sluidpouit — UtiliKable effacts of the (.'ucreut and l)ie Melhod Eiuplojed — 
Stiiuulattng, Modifjiog iHerresbiug), CikUiljUa ESeuts— Einiiirii»l BiusU of the 
LntMr— Direct aud Indinict CuCiiljBiB— TharitpeaUc tJklvuiiiiitiou of the Oerrical 
SjiupilUelio — Eeflcx Effecta of the CoiieDt. 



V E nov turn to a conBideration of the therapeutic value of electricity, 

tlia esUmaiiot] of its curative properties in the most varieJ forma of 
thus to a iletemiiQatiou of its practical therapeutic efTecte. 

'W% tuy state, unheeitatiugly, that electricity is an extremely ponrerful 
and taaaj sided remetty, and that mora evident and undoubted curative 
affects may be attributed to it in diseases of the nervous system than to 
almost any other remedy. The experience of the last tliirty years leaves not 
the least doubt that electricity is valuable in the treatment of neundgij^ 
anieatheaia, sp^ma, and paralysis, in diseases of the peripheral nervtis as 
in those of the central nervous system, anil that its introduction into 
therapeutics has cnuseil a more favorable proi^noais in many forms of 
disease. I am not guilty of exaggeration when J say that the curative 
e£^ts not infrequently astonish even the experienced physician by their 
magical rapidity and completeness. 

Despite these facts, however, we know extremely little of a positive 
nature with regard to the finer processes in electrical curative effects, or 
their connection with the. to a certain extent, well-known physiologioal 
effects of electrical currents. 

The chief dilBeuUiea in this problem appear to me to lie on the 
pathological side of tlie question, viz., in our ignorance of the finer 
nutritive or molecular changes occurring in the nerves in various diseases. 
Wb possess scarcely any positive knowleilge concerning the real nature and 
fioftl OMMBS of the so frequent infiammatoiy disturbances, degeneration. 
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atrophj, etc., of the tissues ! And how mucli less do we know concerning 
Hie more aubtte processes in the various disorders of the nervous eystem, 
in neuralgias, spasms, paralyses and other manifold ueuroses I 

On the other hand, onr knowledge of the various eflects of electricity 
is by no means so estensive as many seem to think. We are accunitelr 
acquainted only with the irritating and modifying action of electrical 
currents upon the nerves and muscles ; concerning bo called electrolytic 
effects upon the living animal we know practieuUy notliing, and this is also 
true of BO called cataphoric action ; with regard to our " CJttalj-lic" eSectx, 
which are now referred to so frequently, it may be said that they are 
almost entirely hypothetical. 

And who will affirm that there are not other at present unknown effects 
of electricity upon tUo living organism, upon which tlie most im2K>rtant 
Hierapeutic results depend? 

These remarks will suffice to give you an approximate idea of the real 
value of previous electro- therapeutic theories, and I will therefore make 
but a few statements couceming the most important ones. 

The greatest authority was enjoyed by the electrotonic theory, accord- 
ing to which the majority of the curative effects of electricity are due to 
its modifying action (increase or diminution of irritabihty). What ap- 
pealed more natural than that neuralgia and spasms could be i-elieved by 
the sedative action of the anode, with production of anelectrotonus, an- 
Eesthesia and paralysis cured by the exciting action of the cathode, with jatv 
duction of catelectrotonus ? But apart from the fact that we are not certain 
that an increase of irritabilily reaUy occui-s in the one group of cases, and 
a diminution in the other, it must be remembered that electrotonic action 
disappears very rapidly after the cessation of the current, while the cuia- 
tive effects of the current are more or less pcnnanent It may also be 
objected to the electrotonic theoty that a purely polar action can scarcely 
be produced in a single nerve of the body (perhaps with the exception of 
the acoustic nerve). Under all circumstances it will be impossiblfl to 
explain the manifold curative properties by electrotonic action alone, 
although a certain space in therapeutics must be reserved for eueb action. 

According to the stimulation theory, electricity acts merely as on irri- 
tant, and cure is effected by the various gradations of this irritant. Bat 
this theory does not advance us a single step farther. At all events, it is 
no sufficient argument for this hypothesis that the electrotonic theory ia 
unacceptable, and that apart from the electrotonic effects of electricity wo 
are only positively cognizant of its action as a nerve stimulant And how 
shall the stimulant action of the electrical current explain its manifold 
curative effects in the most varied affections, in those of a diametrically 
opposite character. We will see, at a later period, that a part, but by no 
means all, of the curative results can bo exphunei! in this manner. It is 
lie, however, that the eleotrioal irritation of the traphic tracts and 
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centres niny modify the nutritive processes in tte nerves, rauscles, and 
other tissues, may further regeneratioD, remove finer nutritive disturb- 
ftnces, and thus cause recovery of morbid processes. It does not appear 
to me inconceivable that, for example, the undoubtedly favorable effect of 
methodical exercise upon the nutrition of the muscles is attributable to 
the fact that every motor irritation is associated with irritation uf trophio 
fibres, and that the uutriliva processes are thus stimulated. May not 
many curative effeots of electricity be explained in a similar manner ? 

This view encroaches upon the domain of the tlieor>- of catolytio 
effects. The latter byjMthesis attributes all electro- therapeutic results to 
a sum of elfects among which the ti'ophic efiects mentioned are not ab- 
sent, but which also include the action upon the blood-vessels and vaso- 
motor nerves, upon electrolytic and osmotic procesBes, and the mechanical 
effects of the current. I iuive previously stated (Lecture VI., page 6G), 
that these " catalytic " effects are still hypothetical to a great extent ; it 
follows, therefore) that such effects can not be made the basisof an electn>- 
therapeutic theory, but at the most the starting-point for further investi- 
gations. 

We 010 thus compelled to acknowledge tho deficiency of the theoretical 
ba«B of our electro- therapeutical knowledge ; now, as formerly, it must be 
studied U)x}n au empirical basis. Only from a large number of further 
observations will we be enabled to gain, by degrees, a correct theoretical 
conception of electrical curative action. 

After these general remarks I will advert to tliose effects of the cur- 
rent which can possibly prove of value in tliemjieulics. I will briefly 
mention the purposes for which they can be utiUzed, aud by what methods 
they can best be proiluced. 

The most frequently employed action of the current, nnd the one 
which admits of the most varied application, is the stimulating, irritating 
effect. It is indicated under various clrctunstAnces, especially in i>eripheral 
but frequently also in central lUseases ; in those cases in which we may 
expect to relieve pathological conditions by strong irritants ; when we 
desire to overcome resistances to conduction in the sensory or motor 
Derve-trncts by a vigorous condition of stimulation, or to renew the de- 
pressed irritability by frequent action of a stimulus ; fui-thermore, when 
we wish to stimulate the nutrition of the parts by action upon the trophic 
nerves, to effect circulatory changes by acting ujion the vasomotor nerves, 
or to further tho restitution of atrophic muscles by securing muscular 
contractions ; or finally, wheu we wish to act, from the sensory parts, in ft 
reflex manner upon the central organs, and through these upon the vari- 
ous peripheral organs, upon vasomotor paths, motor nerves and muscles, 
respiration and circulation, etc 

The methods by which these objeciA are effected follow readily from 
■ previously made ; the faradic current is introduced by means 
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of tuuist electroileB of a suitable shape aud size when tlie deeper ptf^^^l 
to be stimulated ; by means of dry electrodes (best with a metallic brush) 
when the nerves or other tissues of the sklu lire to be vigorously irritated ; 
the latter method ia eapecially advisable to secure reiicx effects. 

More numerous methodn miiy be employed for producing irritation by 
the galvanic current ; most readily by cathodal closures, which may be re- 
peated with increaeing strength and frequency ; auodal closure and open- 
iDg ore much less eOectivc. An admimble method of obtaining initAting 
effects ia by B. Rcmok's labile action of the current, especially the labile 
action of the cathoda This is dune in the toUowiug manner : the well- 
moistened Ca is moved up and tlonn quite mpidly over the nerve-trunk 
or muscle to be irritated, with a strength of current sufficient to produce 
vigorous, wave-shaped contractions (a current which will pi-oduc« Ca CI C 
in the some nerve ia usually sufficiently Btrong). The vigorous stimulant 
effect of this irritation is due exclusively to the fact that, during the strtik- 
ing movement, new parts of the nerve or mnsde are successively brought 
into the domain of the electrode anil thus of the greatest density of the 
current, and are thereby stimulated. A labile effect can also be produced 
with the anode, though not so powerfully as with the Ca. Itemnk has up- 
phed tho term " terminal labile stimulation " to stroking with the Cs over 
those pai'ts of the long muscles situated nearest to the tendinous ends, the 
current being allowed to pass, as for as possible, throughout the entire 
lengt.h of the muade. 

The most vigorous method of irritation is rapid change of polarity, 
especially to Ca after the An has been allowed to act for some lime. 
Frequent repetition of these changes of polarity is often the only uonuor 
in which contractions can still be produced in nuu'kedly atrophic muscles 
with very much lUminished irritabihty. 

The site at which these applications must be made naturally depends 
upon the location and character of the disease, and also upon the object 
to be attained. I will merely remark that, in order to overcome obstacles 
to conduction in tho nerve-paths, the stimulation of tho sensory Derves 
should be performed peripherally from the sit« of the lesion, that of tlw 
motor nerves as central as possible ; the stimulation of degenerated and 
atrophic nerves and muscles must be effected upon these organs them- 
selves. 

Tlie motlifying, irritability-changing effects of the current are also very 
often required. In fact there are a number of cases in which we may ei« 
pect a favorable result from such action ; whenever we assume a 
tion in the irritabiUty of the nerves and muscles, in certain ponJj 
aofesthesio, in certain vasomotor affections, even in certain coot 
depressed spinal aud cerebral activity, we are justified in resort 
catelectrotonic action of the current {stimulating, sti 
paralytic, refreshing action), while the anelectrotonic act 
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molecular arrangemeDts, movenieDtfi of fluids iti the tissues, the electro 
lytic and cntaphorio effects, perhaps also tlie effects upon the trophic 
nerves— ill short, the iuflueaces resulting from all these upon the pro- 
oeesea of resorption and nutrition in general. lo fact, a eum toUtlof efiect^ 
wliieh must secure to the electrical current an estremely powerful and 
many-sided influence upon various morbid processes in the nerrous Bystem 
as well as in the other tissues of the body. Thus, in all inflaiumatoiy dis- 
turbances of an acute and chronic character (neuritis, myelitis, ecleroaia, 
etc.), in the moat v>u-ied exudative processes, in rheumatism of the joinU. 
muscles, and nerves, estravasations of blood, all kinds of degenerative 
chimges, palpable and impalpable nutritive disorders of the nei'vous system. 

Although the existence of these efiects cannot be denied, we ore far 
from being able to secure them with certainty and equally far removed 
from designating those forms of disease in which it may be 
that these catalytic eflects will prove successful. 

I will now mention a number of pathological and therapeutical 
tions which bespeak the existence and pathological significance of these 
catalytic eflects and present, to a certain extent, a positive basis for the 
criticism and further investigation of this interesting question. 

In tlie first place we may refer to the results of galvanic treatment in 
the various forms of neuritis. R. Remak mentions several cases of pri- 
mary and secondary neuritis and also of neuritis nodosa in which the pain 
and swelling disappeared more or less rapidly upon application of the gal- 
vanic current : Mor, Meyer observed very rapid disappearance of neuritis 
of the median nerve, with perceptible swelling, under stabile action of the 
anode, and lately reports similar results in traumatic neuritis and otlier 
forms. Ft. Fischer and I have reported similar cases. 

The observations in arthritis of various kinds are more numerous. 
Remak mentions a number of brilliant results iu acute and chronic rheu- 
matic and traumatic afiectious of the joints, which leave scarcely a doubt 
of the decided antiphlogistic action of the galvanic current. TariouB 
other writers have described very fiivorable results in chronic exudations 
into the joints, and other diseases of this class. 

M, Rosenthal observed several cases in which chronic exudations into 
the joints disappeared under galvanic treatment ; Moritz Meyer reports 
several coses in which favorable results were obtained, partly by faradiza- 
tion, partly by galvanization ; Ck>hen obtained good eflects in true arthritis 
from persevering treatment with the rotatory apparatus, and similar succen 
is reported by Cheron from the galvanic treatment of defonuing articular 
rheumatism ; Weisflog noticed stxiking results from local faradization of 
traumatic and scrofulous inflammations of the joints, and regards this cur- ■ 
rent as " tlie most rigorous, unfailing, and valuable antiphlogistic for all 
traumatic inflammations." 

Furthermore, resolution and atrophy of glandular tumors have been 
repeatedly effected by electrical currents. Onimus and Legi'oa mention 
one noteworthy case in which two syraiuetrical glandular tumors vrere 
present, one of which was treated with the An alone, the other with tbs 
Ca alone ; the one treated with the An disappeared more rapidlj. 
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Moritz Meyer baa effected a separation ami reduction in size of mul- 
tiple, large, hard glandular tumors by the application of very strong, fre- 
quently interrupted foradic cnrrenta ; Chvostek has treated many strumous 
grovrtus with the stabile galvauiu current, and eftect«tl oft«n a conaJder- 
nble diminution in their size, in some cases very rapidly and completely. 

No less striking are the reaiUts which some obsen-ers have obtained in 
hard cicatrices, stiffness of the joints and periostoses after gunshot wounds, 
by means of the galvanic current 

Finally, observations have been made upon evident action of the cur- 
rent in contusions, extravasations of blood, siibluxatiouu, and inflamma- 
tions. Kemak saw a brilliant residt in a sprain of the wnst-joint in which 
the swelling and stiffness rapidly disappeared. Chvostek relieved a 
chronic inflammatory, traumatic infiltration of the leg by means of labile 
galvanization of the nerve. Sycianko states that he repeatedly cured 
acut« giugivitis in a remarkably short period by the action of the anode ; 
and Cberoc and Moreau-Wolt maintain that they have had very favorable 
results from the galvanic current in gonorrheal and traumatic iuHamma- 
tions of the testicles, and in chronic hypertrophy of the prostate. 

Tliere can be no doubt that similar effects, though to a lessdegrer, may 
be produceil even in more deeply situated tissues, but it would lead us 
too far to mention all the observations of palpable diseases of the brain 
and spinal cord in which undoubted favorable results were obtained from 
the catalytic action of the electrical current. 

At oU events, there is no doubt that such action exists, though its more 
intimate character ia still involved in great obscurity. Catalytic effects 
are producied in the main by the galvanic ciurent, and upon this fact de- 
pends, no doubt, its great superiority to the faradic current, especially in 
the treatment of more deeply situated organa. 

The beat method of securing the catalytic effects of the galvanic cur- 
rent appears to be its stabile passage through the diseased part (with suf- 
ficient strength and liurntion of the current). It is probably useful to alter 
the direction of tho current several times, as the vasomotor, electrolytic, 
and cataphoric effects of the current ore undoubtedly intensified thereby. 
Th« position of tlio electrodes depends entirely upon the situation and 
sixe of tbe diseased part : if we have to deal with a small neuritic nodule, 
it may be entirely covered with one electrode, tho otlicr bting placed 
upon an indifferent part of the body : if we have to deal with a diseased 
joint or a morbid process in the brain, the electrodes ore placetl on each 
aide of the diseased part. 

You will naturally ask whether the two poles do not have different ef- 
fects and whether one or the other does not deserve tJie preference in 
special cases ; d priori, this view is very probable, but we possess no posi- 
tive evidence of its correctness. ^^^ 

It is generally held that the application of the anode to the diseased ^^^^| 

part is preferable when there are symptoms of active irritation, more ^^^^| 

^^etit« procfiSBee, abundant collections of fluid, very painful affections ; ^^^H 
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Avbilo the cathode should be npplied to more torpid, chronic processes, 
iudurations, scleroses, etc. But as many data favor an opposite view, or, 
at least, seem to indiaLte that the polar effect comes less in question than 
the direct passage of the current, I have preferred, as a nile, to place 
both poles upon the diseased part, and then change the direction of the 
current several times, or, in the unipolar application, to allow first one pole 
and then the other to act. 

From theoretical considerations Chvostek arrives at the conclusion that 
short and not too strong currents may alone be employed (about three to 
ten mioutes) ; he attributes the catalytic effects chiefly to stixaulation of 
the vasomotor and trophic nerves ; he regards it as preferable to treat the 
diseased part directly, and not alone the corresponding nerves, in order to 
take advantage also of the electrolytic and cataphoric actions of tie 
current. 

In many cases it also appears useful, in addition to treatment of the 
lUseased part itself, to make a stabile and labile application to the adja- 
cent parts— vessels, lymphatics, musdes, skin — in order to act indirectly 
iijjon the circulation and nutrition of the diseased parts ; repeated inter- 
ruptions of the current and even changes of polarity may be useful, in 
order to intensify the iudividual effects of the current, to relax tease mus- 
cles, etc. ; these measures are especially advisable in the treatment of 
diseased joints. 

The faradic cuirent is much less effective for catalytic purposes ; more 
<ir less powerful currents are simply passed directly through the diseased 
iwrt. In the resolution of glandular tumors, M, Mayer has employed the 
fu-adic current in such a manner that the strongest possible current 
(with moist electrodes) is applied for a few minutes, frequent interruptions 
being made during this period ; a distinct separation of the tumor into 
smaller parta occurs forthwith, and tlie tumors are gradually reduced veiy 
much in size. B. liemak has also described an indirect catalysis. It ib 
Slid to consist in a modification of the circulator}- and nutritive conditions 
of various tissues, produced by gsdvanization of the nerve-trunks supplying 
them. liemnk states that he has seen galvanization of the nerves, remote 
ti-om the site of disease, cause more rapid absorption of extravasations of 
blood, disappearance of articular swellings, increase in the size of atrophic 
muscles, etc. ; he recommends the application of the anode to the nerve- 
trunk, as far as possible from the site of disease, ns an especially certain 
remedy in rehering the pain of inflamed parts, joints, etc. It would be 
verj' desirable, however, that these isolated observations should be con- 
firmed and multiplied in order to place the doctrine of indirect catalysis 
upon a surer basis of fact. 

This question has assumed an unexpected importance from a series of 

statements and hypotheses concerning galvanization of the cervical sym- 

^Kithetic as a therapeutic method. It has been said that this method of 
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applicntJoD influences the vasomotor and trophic proce^es of the brain 
and spinal cord, the face and eye, the miiBcleB and joints, even the skin 
and oilier part« of the body. Numerous cures have been reported by this 
method in cerebral hemiplegia, trigeminal neuralgia, migriiine, paralysis 
and spnsma in the diatribution of the facial nerve ami in the ocular muscles, 
in bidbar pnralyais ; alao in neuro- retinitis and atrophy of the optic nerve, 
Basedow's disea.se, epilepsy, progressive muscular atrophy and lead paraly- 
sis, arthritis deformans, scleroderma, and Torions other diseases of the skin. 

There can probably be no doubt of the correctness of a part of tiiese 
observations, but this does not by any means imply that the cervical 
sympathetic ia responsible for such results. In the ordinary methods of 
galvanization of the sympathetic, numerous threads of current undoubtedly 
reach the pneumogastric, carotid, the nerves at the base of the skull, the 
braiu, the brachial and cervical plexuses, but especially the cervical region 
of the tqiiniLl cord, and the medulla oblongata with their numerous impor- 
tant centres for the vessels, pupils, respiration, the heart, nutrition of the 
muscles an& joints, etc. ; it is a question whether these effects are not 
more important than those upon the sympathetic. 

I attach no great significance to the fact that pliysiologjcal experi- 
ments ufKin the cervical sympathetic of healthy individuals (page 51 ) have 
been so barren of results with regard to the therapeutic application of 
this method, In such matters experience can be our soSe guide in prac- 
tice. Tlie negative results of physiological experiments, in opjxisition to 
pooilive therapeutic facts, should not prevent us from employing ao-calldd 
galvanixatiou of the sympathetic as a therapeutic measure and testing its 
value. I am in favor of employing the term " galvanization of the neck," 
instcoil of " galvanization of tlie sympathetic," or better still, the term 
" Bubaural galvanization " recommended by De WattevUle, 

llie most serviceable method of application is that recommended by 
Mor. Meyer ; one pole (a " medium " electrode) ia applied under the angle 
of the lower jaw on one side, immediately adjacent to the hyoid bone, and 
is pressed backward and upward against the vertebral column ; the 
other somewhat larger electrode ia apphed to the opposite side of the 
neck near the spinous processes of the fifth to seventh vertebne. The 
Ca ia usually placed in the former position (region of the superior cervical 
gnnglion). Tlie employment of raovlerately strong curi'ents is usually 
eufficicnl (G to 10 Stoehrcr's elements), a stabile current is generally 
umkI, but labile and interrupted currents, even changes of polarity, are 
sometimes indicated. The duration of the application need not, as a rule, 
exceed one to three minutes. According to the circumstances of the case 
it is made unilaterally or bilaterally. 

Bene«ltct places a button-shaped An in the jugular fossa, the Ca ujwn 
the superior conical ganglion ; for anatomical and physical reasons this 
,ot as serviceable oa the one just meDtloned. 
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Finallj, I will make a few remarks concerning certain reflex effects of 
electrical currents ; I refer to changes in the vessels of the brain and 
spinal cord from faradic or other irritation of the skin and peripheral 
nerve-trunks. Contraction and dilatation of the vessels of the pia mater 
in the brain and cord have been observed, though not constantly, after 
irritation of peripheral nerves and organs. Probably a part of the results 
of peripheral electrization in diseases of the central organs must be attrib- 
uted to such effects, and Rumpf has recently described a few cases in 
which peripheral cutaneous faradization apparently had a very favorable 
influence upon central hypersemias, optic neuritis, locomotor ataxia, etc 
The method employed by him consisted of slow stroking of a faradic brash 
to the chest, back and ai*ms, with a moderate current, the sitting lasting 
five to six minutes. 

From the above considerations you readily see that our theoretical 
views concerning the therapeutic applications of electricity are still defec- 
tive and Insufficient. We are confronted by a number of problems^ toward 
whose solution merely the first steps have been taken ; our nfbst import- 
ant problem still is to develop electro-therapeutics by empirical means. 
We may console ourselves, however, by the undoubted practical results 
which ore -achieved and by a glance at other branches of therapeutics and 
our ignorance of the method of action of the most valued remedies. Are 
we not unacquainted with the manner in which quinine relieves chills and 
fever, in which salicyUc acid relieves acute articular rheumatism, and 
iodide of potassium tertiary syphilis ? And so in electro-therapeutics the 
number of our successes should spur us on to continued investigation. 
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i. uvELT dispute has arisen with regard to the question whether the 
iction of the current or the polar action should be token as the general 
Imwis for the method of apphcation. 

Brenner first developed the well-founded polar method, according to 
whkb the action of the individual poles, and therefore the localization of 
one or the other pole upon the diseased part was deciidvo for the electro- 
therapeutic method. 

Neilhcr of these two methods was applicable with strict consistent^, 
and theoretical considerationB alone were opposcil exclusively to one or 
the other ; indeed, a superficial glance sufficed to show that certAin fielda 
of the electro -therapeutic effects were very little or not at all affected by 
thin dispute, ^liat could be accomplished, for example, by the tlirection 
of the current in the treatment of glandular tumors, atruma, joint inflam- 
mations and the like ? 

It isi, however, a matter of some interest to us to enter into thi» ques- 
tion and to weigh tho arguments for both methods, pro and con, in order 
to form a decided opinion far our futui'e conduct. 

With regard to the direction of the current we know, in the first 
place, that in the majority of cases it is impossible to pass the current ef- 
fectively in a definite direction throagh a nerve of the uninjured body, but 
that necessarily at least three different directions of the current (of rapidly 
diminiahing density) must be present ; t hi " has previously (page 37) been 
proven in detail. The only conceivable method of application by which 
one definite direction of the current is possible, at least in some parts of 
the nerves, viz., tliat iu which the current is conducted from the end of a 
liiuh (hand or foot) to a more central part of the estremity or to the 
trunk, would only suffice for the peripheral halves of the nerves ; but care- 
ful consideration will show that in the neighborhood of the central elec- 
trode (centrally from it, especially when placed on the trunk) diffused cur- 
S of vaiying direction are unavoidable ; this method of application, tu 
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addition, wouUl lie applicable only in the fewest cases. The advocates pI 
the " direction '' method must therefore devise other modes of application 
in order to bring the direction of the current exclusively into action. 

Furthermore, all proof is lacking that the direction of the current is at 
all an eaaential ^tor in its action. On the contrary, the investigations of 
physiologiats have proven that all the known effects of the current (stiniu- 
lating, modifying, electrolytic, etc.) are esclusively polar effect^ and come 
into play in any direction of the current (with the single exception of its 
strictly transverse passage). In fact, the direction ot the current appears to 
be devoid of any decisive influence upon the occurrence of the polar eSecta 
In only a tew definite cases (third stage ot Pflueger's law of contraction) ia 
the conduction of the, nevertheless developing, irrifative proceas inhibited 
in one or the other direction ; hut this cannot surely be interpreted ns a 
" direction " effect. It is decisive in thia respect, that the inhibition of con- 
duction occurs sometimes with ascending, sometimes with descending car- 
rents, that it occurs in the sensory nerves in an opposite direction of fhe 
current to that in the motor nerves, and that it may be attributed to cer- 
tain polar effects, 

There appears, tlierefore, to be no reason for making the directioD of 
the current the basis of our method of apphcation ; at all events, there is 
no BcientiJic necessity for it, although a regard to technical practioabili^ 
and, in some cases, certain surmises may induce us to employ such a 
method. 

On the other hand, there are very weighty reasons for preferring the 
polar method, reasons of a physiological and physico-technical character, 
but also those which result from therapeutical experience. 

In the first place, physiology has shown that all the recognized, 
therapeutically useful actions of the current are esclusively polar effects, 
and appear to bo associated with the vicinity of one or the otJier polo ; in 
general, all effects of the current are most intense in the immediate 
vicinity of the pole. 

In the second place, itis technically much easier to subject any desired 
part of the bodj' to the most intense possible action of one or the other 
pole, than to cause a definite direction of the current of uniform intensity. 
With the aid of accurate anatomical knowledge and the proper choice 
of the active and indifferent electrodes, this purpose can almost always be 
effected with readiness and certainty. One serious objection, however, 
cannot be escaped ; an exclusive action of one pole upon a definite port is 
impossible, aa we have previously seen ; the effect of the other pole must 
always be present at the same time. But if you wilt remember hov the 
currents are diffused, what a slight degree of density, and therefore ot 
activity, they must have in by far the majority of cases, it will not be 
diJHcult for you to believe that the action of the " active " pole must be 
extremely predominant, in comparison with which the secondai? polar 
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action may, in the majority of cases, be neglected ; furthermore, the latter 
limy be diminished by suitable manipulatiou aud the primary jmlar action 
be allowed to aSect the nerve in an Increased measure. 

In addition, there are a certain cumber of therapeutical data which 
furnish proof of the efficacy of the polar method. The most striking 
are tlte facta observed with regard to nervous tinnitus aurium and 
hypenesthesia of the acoustic nerve ; in these cases the pole indicated by 
the formula of galvanic reaction usually proves highly effective in the 
relief of the tinnitus as well as in the diminution of the hypeneathesia, 
while the otlier pole is ineffective or even injurious. Hoist has developed 
a galvanic treatment of migraine acconling to the principles of tiie polar 
method, and the successful results corresponded to his assumptions ; O. 
Berger ascribes brilliant results in trigeminal neuralgia to the application 
of the strict polar method (stabile application of the An) ; Althaus has 
successfully employed the polar method in toothache and also in other 
neuralgias. 

But the decisive feature in this question must be the main purpose, 
according to our present knowledge, of all electrical treatment, vi/„, to 
Bubject the diseased part as certainly and as intensely as ixiasible (avoid- 
ing all injurious auxiliary effects) to the action of a current of sufficient 
density. 

As no aro unfortunately ignorant, tn the majority of coses, of the 
manner in which the electrical current acts, we must at least see to it that 
it does or may act. 

Bat, in the end, ciperiencc alone can teach us whether one pole (and 
which one) will prove especially effective ; a priori we will only be able to 
predict this with certainty in a limited number of coses. 'W'e should not 
be astonished if phenomena are occasionally observed which are opposed 
to our theories. In not a few cases you will dnd both p»Ies effective in a 
trimiliT manner, nn<l, especially in the production of catalytic effects, it 
baa hitherto proved inipossiblo to give the preference to one or the other 
pole and to detine their effects more accurately. 

From all that has l>een said it appears probable that the direction of 
the current flues not possess great influence upon any therapeutic result, 
liut this in by no means proven. In this matter, also, further experienoo 
must decide the question. In many cases, indeed, a definite direction of 
the current may be useful to facihtate the action of one or the other pole, ' 
bat this is only done in the serrice of the polar methotl. 

It is evident lliat we have to deaJ in the main ^vith empiric^-Hptbods. 
I cannot warn you too strongly against illusions baaed upon tbtbretical 
views or against therapeaticol illasions founded upon uncontrolled obaerva- 
ttons. Electro-therapeutic literature swarms with such instances and the 
defective criticism of observations has led to innumerable, unsuspected 

rptiona. 



no 



ELECTRO-THKR A PECnCS. 



Tbe remarks ivhioh hme been preriouely made hold good essentlallj 
with regard to tbe local treatmeDt of local diseBsea. 

But mention muat be made also of a few other measares whose ohject 
it is to influence the entire organism— methods whicli have been devised to 
combat certain forms of disease in which there is a general disturbance of 
the entire norvous system (as in various forma of neurasthenia, hjateria, 
hypoohondria, etc.), or in which an nfTection of the blood and nutrition 
proilui-ca genend weakness of the organism (anaemia, chlorosis with its 
nervous disorders, general muscular weakness, etc.) ; or, finally, those 
forms of disease in which we endeavor by stimulation of the entire organ- 
ism, especially the muscular system and skin, or by an electrical influence 
apon the entire nenous sj'steni. to combat wide-spread, deeply Beat«d, or 
certain peculiar disturbances (general weakness, hysteria, diffuse vaso- 
motor paresis, diffuse affection of the skin, multiple diseases of the joints^ 
etc.). There is no doubt that favorable resnlts 
are often obtained by these methods, 

1. (inKm//flradtai(ion (first employed by 
Beard and Rockwell). It purposes the mort 
general faradic stimulation possible of the en- 
tire organism, with special preference of the 
cectml nervous system, the muscular syetfim, 
and the skin. 

The following is the method ; the patient, 
luiitrcssed in great part or lightly clothed, is 
seateti upon a choir, the bare feet being placed 
: upon a large, flat, well- moistened electrode 
(or in a ressel filled with lukewarm water), 
whirh is connpcltxl with the Ca of the secondary coiL The Anode is 
Mtlinr form<»l by tlio moist hand of the phy»cian (who takes the electrode 
in tlte oU)or hnnd and allon-s the ciurent to pass throngh his own body), 
or, better still, by « large sponge-oovered electrode (5 to 8 ctm. diameter) 
(Pig. Sfi), which is brought in contact, as far sa posable, with all parts of 
the boilj. In sensitire persons the " electrical buxl " is advisable in i^ipli- 
eaUona to the foreheml, heatt. and anterior paits of the neck, because tlia 
phywdan thm ha» an oxccltent gauge of the sbcngtb of the cturent and 
beoaum thia method of a|iplK«tioo is very mild oo aceonnt of tbe great 
adaptability of the hand. 

Wo b^gin with tbe fcMvfaead. atkmias « diatiBoUy pnoeptible current 
to (aua throiQgh it and the Ifmplee^ and then pan to the vertex, where the 
An is allowed t^i remain for some time ; a somewhat stronger coirent u 
tbon applied to the oraput and bctck of tbe ned ; a atiU stronger current 
in thto ap)iliv>l hi soow tiBM along the afiunl eoltuna, along whidi the 
elMctrode is skvwlT moved «p hkI down, betng kept a little kntger upon 
tpeicial paiuts, such as pMntol sfuttPM prnxmrn ; thb is followed iij ina- 
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dizatioD of the neck (witli a. weaker eun-eut) in order to stimulate Uie 
uympatlietio, pneumogaatric, and pliretiii; neiveB aad the muBdes of the 
neck ; then the anti'i-ior surface o£ the cliest, espefiully the cardiac region, 
and the abdomen are Cajodized with more vigorous currents ; the An uiuy 
remaiu for Bome time upon the epigaatrium in order to aflect the ctelinc 
plesua. and is then elowly passed over the entire abdomen in order to stim- 
ulate iutcstinal action and the abdominal muscles ; finally, the musclea 
and fikiu of the bauk and all four extremities ore vigorouBly elimulated in 
succession ; the electrode is forcibly drawn over all these parts, especially 
the main nerve-trunks and muscles, with such a strong current that ac- 
tive muscular contractions develop everywhere ; at the close, the spine may 
undergo a second brief application. 

The entire procedure should occupy about t«n to twenty minut«s, and 
must naturally be varied extremely ia intensity, duration and the special 
localizations of tlie current in different individuals and forms of disease. 

Beard and Rockwell ascribe to this method the following eCTects : the 
immediate effect, as a rule, ia refreshing aud stimulating ; pains, general 
weakness, etc., disappear temporarily ; the pulse is regulated ; in very 
sensitive persons, dizziness, nausea, trembling, feeling of fointness may 
develop. Within one to three days after the application certain reactive 
eyniploros may occur— muscular pains, increased nervousness, headache, 
insomnia, etc. 

The permanent effects usuaUy consist of improved sleep, increased ap- 
petite, improved digestion, increase in the size and firmness of the inus- 
oles, reLcf of pain and dulneaa in the head, etc., diminution of nervouaneBB 
and depression. Beaid and Rockwell attribute these effects to direct elec- 
trical stimulation of the entire central nervous system and the frequently 
repeated vigorous muscular contractions during the applications. 

According to these ivritera, this method is indicated especially in "con- 
Btitntional diseases," in all forms of disease associated with general feeble- 
nesB of nutrition and the vital functions (for example, in Bcnrusthenia, 
hysteria, hypochondriasis, nervous dyspepsia, ancemia and chlorosis, paraly- 
sis and neuralgia from constitutional causes, fiulhermore tn certain func- 
tional disorders of the sexual and digestive organs) ; abo in morbid symp- 
toma, whose prol>ubly local cause cnnnot he recognized (as in many cases 
of neuralgia and jiaralysis, epilepsy, hysteria, etc.); finally, in diseases 
wbidi, though tLemaelves incurable, are associated with general feeblenean 
of nutrition and other symptoms (insomnia, nervousness, weakness, etc.), 
wliicb uiay be reUeved- 

1 have employed general faradization with sufficient frequency to satisfy 
mjaeU of its decidedly favorable effects. 

3. General yalianualitm is the exact analogue of the previous method, 

•loeipt that the galvanic current is employed ; the Ca is applied to the 

^^^•1, and the An manipulated upon the body of tlie patient in the manner 
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which I have described (or general (tmulization. The e&bcte are said to 
Im Bimilar, but greater caution must be employed in appUcatioas to [be 
uentral nervous system, 

3. Central galmimalion. A large flat Ca is placed upon the epigastrium, 
while the An is applied by means of a large, rouiid eponge-«lectruile to the 
bead, the sympathetic, and along the entire spinal columii. The forehead 
IB first stroked gently from one side to the other with a feeble current (3 
to 8 elements), and then an application made for one to two Tninuf es to Iho 
centre of the skull ; the An is then moved up and down for one io five min- 
utes along the Bympathetics and pneumogaatric? in the ueck, finally in the 
same mauncr along the entire spinal column for three to stx minutes. 

This method is said to be especially applicable in thoso neurosM in 
which the general nutrition and muscular power are relatively intaot. 
Beard states that he has secu brilliant resiilts from it in h^-storiii, hypo- 
chondriasis, chorea, cerebral and spiual neurasthenia, gastralgia, nerroui 
dyspepsia, etc 

I have employed this method in a few coses, without observing any 
notable result, but I do not consider this » sufficient test The rvaolts 
reported by Beard are so remarkable that we are justified in expecting 
from their confirmation the solution of .various theoretically important 
questions. . . . 

4, Finally. I will briefly mention another method of general electiizatiaD 
o( the body viz., the elr^clrical biUh, 

In one variety, the metallic bath-tub is connected with one pole while 
the other pole is grasped by the hands of the patient. Care must be taken 
that the body of the patient does not come in actual contact with the met^ 
of the bath-tub ; this object is secured either by means of a wooden sup- 
port or by some other arrangement which supports the body in tJje watfr. 

In another form, the bath-tub consists of a non-conductor, and Uie elec- 
trodes are placed in the water. The indivldiial parts of the body will be 
subjected more or less intensely to the action of the current, according to 
their approximation to the electrodes. In order to introduce the greatest 
possible quantity of electricity into the bath, very loi'ge electrodes should 
be employed, or an addition of salt, soda, or acid may be made to tbo 
water used in the bath. 

The temperature of these baths may be varied according fo the general 
indications of the cose, and this is also true of the strength of the current 
to be employed ; usually at least a slight sensation of the current should 
be felt. The duration of the bath varies from ten to thirty minutes. 

Local electrical batlis have also been employed, one electrode being 
represented by a basin of wator in whi(Ji the diseased port is iminersed. , 

A priori, it cannot be denied that the electrical bath may proddee.very 
marked effects, but the therapeutical experiences hitherto obtained are not 
olculftted to inspire great faith in its efKcacy. It appears to have been 
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most snccG^aful in certain forms of tremor, especially morcuriiil and ul- 
coliolic tremor, then in chronic articular rheumatism, in cerebral ueuros- 
thenia. 

In conclusion I will refer to two other metboJB of trefttmoot which are 
ca{mble of genend application. 

1. The first is the galvanic treatment of pressure and painful points, 
Lc, of pressure points which, perhaps more or leas painless in themselves, 
have an evident effect upon the production or relief of neuralgias and 
spasms 1 or of painful points which are revealed by pressure with the 
tager or electrical examination and ore found associated with the other 
OTmpfoms of spasms, Bem-al^, locomotor ataxia, and the like, without 
producing upon pressure any notable indueuce upon the momentary con- 
dition of the symptoms. 

R Remak found these points upon or near the spinal column in some 
oeuralgiasi and also in the neuralgiform pains of ataxics, and often ob- 
served a magical sedative influence from tlie stabile application of the An 
to tboso pointa Ho also observed this in many forms of spasm, especially 
btcial Bp&sm, when ho directed the current to points, pressure ujmu which 
produced inhibition or increase of the spasm, and which were often found 
more or less remote from the affected nerve-trunk, especially upon the spine. 
Onimufl and Lcgroa i-eport Eimilor observations in ataxia. Mor. Meyer 
found these painful pressure points, in a large number of neuroses, upon 
the spine (the spinous processes, more frequently the transverse processes). 
He believes that they are duo to various anatomical lesions (periostitis, neur- 
itis, small glandular tumors, inflammatory exudations, ote.) and oft«n pro- 
duce and ihuintaiu the neurotic symptoms; he has found that their galvanio 
treatment with the An is an excellent therapoutio remedy iu ueuralgio, 
Bpoams (chorea, writer's spasms), and even in ataxia. He has recently ob- 
served such pressure points in the nerve jjleiusca or other parts of the course 
of the nerve, and baa corroborated his former experience with regard 
lo the favorable action of the An. He recommends beginning the treat- 
ment with weak currents (4 to 8 elements). 

Brenner has found such painful pointa upon the spine hy passing the 
Ca (of a mild current) down the vertebral column. Upon passing over 
some points the patients eiperienoed intense pain, and persistent applica- 
tion of the An to these parts causes them to disappear gradually, and oau- 
oUy leoda to relief of the neuralgia, disappearance of the cincture feeling, 
and marked improvement of the ataxia. 

I have not detected similar phenomena, except in rare eases of ataxift. 

The best methoil of treoting these pointa appears to be the stabile ap. 
plication of the An, with feeble or moderately strong currents. The Ca maf 
ba ■{iplied to an indifleirent spot or to more peripheral painful pointa, 
aooording to the circumstances of the case ; the application should be OOQ- 
I from one to dve minutea. 



120 



ELEOTEO -THER APEUTIOS. 



2. Tlie other method is that of treatment with verj feeble but very pro- 
tracted uninterrupted galvanic currentB. Ciurenta of one or two, Rt the most 
four, elements are applied to the diseased part continuoualy for houra, or 
even for days and weeks. 

Among more recent writers Ciniaelli was the first to recommend the 
application of a " simple element " (a zinc or copper plate, connected bv 
an insidated wire, vide Fig. 27) to the skin for the relief of various ner- 
Toua afiectioDs. The plates may be of various sizes, must be thin and flex- 
ible, brightly polished before ench oppUcation, and are fastened to the de- 
sired spot by means of adhesive plaster or a bandage. Their action is 
intensified by applying to the plates a piece of linen, which is kept coo- 
tinuolly moistened by a solution of salt or acid. 

These plates must be applied several hours a day, or even continuauslT 
for days and weeks. If the skin is very sensitive, inflammation and pus- 
tules may develop beneath the plates ; their point of application znuut 




then be changed often, and the period of employment diminished- Cini- 
selli found Buci apparatus serviceable in neuralgia, paralysis, headaches, 
and the hke. 

Le Fort's method consists in the application of a current from two to, at 
most, four elements, which is conveyed to the diseased part by means of or- 
dinary electrodes, and is employed for days and weeks, either continuously 
or witli short intermissions. Le Fort considers these weak currents in- 
dicated in all paralyses and pareses with simple or fatty atrophy of the 
muscles, in reflex paralysis from contusions, in all conditions of poor du- 
trition of the muscles, and finally in contractures. 

Valtat has obtained striking results from this method in the atrophies, 
pareses, and paralyses of muscles which are so extremely frequent after 
joint aflectiona. The treatment should be instituted after the acute in- 
flammatory stage has ceased and a chronic condition developed. At a later 
period, faradization of the muscles may also be employed. I have also ob- 
tained somo good results from this method ; it was especially successful in 
a number of cases of severe hysterical neurasthenia of delicate 
marked muscular weakness, and in whom the element was applied sev- 
aral hours daily to the back. It is difficult to determine, however, bow 
much is accomplished by psychical infli 





Genenl Prinoiplea and Specinl Tecbnioal Beoommendstioiis for Eleotrioal Treatneiit 
— TTuatmeatr iu Loco Morbi— Technique of the Loo&Iization of the Current — 
Looai FarBdixation of the Uotor Kerven and the Hasctes— Plan of Treatment — 
Penonal Acqusiiitance with the Effects of the Curreot^Choice ot tue Strength 
of the Cnrreot — Choice nad Haaagement of the EleotTodes — Avoiduioe ot an- 
neoeuary liritHtive Effects— Duration and Frequnnc; of the iDdividiul Applic*- 
tiona — Entire Duration of Treatment. 

Befors I pass to the special port — to the eiplanation of the eleutro- 
thsrapeutic iudicntions and metlioilsof Application in the indiridual forma 
of dlBeaae— I desire to present a. eeries of general pricdplus, and alao ft 
number of epecial technical recommendations. 

I believe that the most important principle is tLo treatment iu loco 
morbi — i.e., the application of the electricitj to the diseuaed part itself. 
There can be no doubt that, in the overwhelming majority of coaes, it ia 
best to act directly upon the site of the disease. 

Unfortunately, this rule is limited by the restrictioua ot our diaj^oatiA 
ability. Hovr often we are in doubt with regard to the accurate lotiuliza- 
tion of nervous disorders every esperienced neuro-patholofjiat knows. In 
cases of diagnostic uncertainty with regard to localization uothiug remains 
but the systematic successive application ot the current to the Torions 
possible localizations ; in these attempts it is well to advance from the 
p<?riphery toward the central organ. 

There is an apiiarent exception to this principle in the attempt to iuflu- 
enoe certain affections in an indirect way ; for example, by employing 
r«flex paths, by indirect catalysis, by so-called galvanization o( the sympa- 
thetio. Id these instances, however, we also endeavor to reach the site of 
the disease, although in a roundabout manner. 

In certain cases of more diffuse or general neuroses, of constitutional 
or siuiihir diseases, local electrical treatment naturally must bo discarded ; 
we then resort to general faradization and gal\'anization, et^'., which have 
been previously described. 

The necessarj- consequence of the principle just enunciated ia the fur- 
therance of the most acourate technique in the localization of the correnl 

For this purpose you need, above all, a knowledge of physics, espe- 
cially a practical acquaintance wiUi Ohm's Laws. You must clearly under- 
stand where and how the electrodca must be applied, how large they 
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must be, the stretigth of current to be employed, in order to briitg a defi- 
nite part of the body under the desired influence of the curreitt. 

In addition, you must possess accurate anatomical knowledge Vfitb 
regard to the podtion of the individual parts, especially of the nervous 
system, and the relation of the deeper parts to the surface of tb« body- 

I will present to you a short acheraatic sketch of " local fiiradization ' 
of the motor nen'cs and the muscles, esplaiued by a fen ilUistratious and 
short practicul r 




On the head (vide Fig. 28) the distribution of the facial nerve is the 
most important, and this nerve is also very readily stimulated. The illua- 
tration gives an approJtimate idea of the situation of the facial brancbes ; 
the darker points indicate the chief positions of stimulation. In careful 
investigations the trunk of the nerve should first be sought ; this is beat 
done with a hue electrode, which is firmly pressed immediately belov 
the external auditory canal, from behind and outward anteriorly and 
inwardly and upward against the edge of the lower jaw. It may also be 
reached in the external auditoiy caniil, u fine electrode being pressed 
■inward, dovmward, and forward from without and above. j 
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For accurate comparative examinations I divide the nerve into three 
nuun brunclies, aod examine these in two positions, immediately in front 
of the ear and also about the middle of their course. The upper branob 
iii distributed to the muscles above the palpebral fissui'e ;Uie. middle 
blanch to the, muscles iu front of the upper jaw, between the palpebral 
and oral fissures ; the lower branch to the muscles upon the lower jaw. 
The points of irritation for examination in front of the ear are found upon 
the mnlar bone, iiumeiliately below it, aud hnully at the edge of the 
jeuding ramus of the jaw (vide the figure). 




The poiul.s of irritation in the middle of the course of the nerres uv 1 
three in number : at the temple, at the anterior angle of the malar bons * 
upon its lower border, and finally iu the middle of the lower border of the 
boi-izoutal ramus of the jaw. 

The itituation of ttie motor pointa of the muscles ta evident from tlio 
figure ; they must be determined with very fine electrodes, hghtlj f^pUed, 

Ufa the weakest possible current 

I The ocular muscles are not accessible to electrical irritation. 

iThe muscles uf mastirnlion are accessible only upon direct stimulatioD 

^ a vigorous curreut iu the poaitious given upon the figure. [ 
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The occipital aiiil posterior auricular muscles can be readily etlniu- 
lated upon the maBtoid process by the posterior auricular nerve. 

The hypoglossal nerve may be stimulated in maiiy persons by r vigorous 
ourreot applied immediately behind aud above the Lyoid bone, a fine 
eledfode being iised and pressed is deeply ; its effect is contraction, dietor- 
tion, et«., o£ the corresponding half of the tongue. Direct stimulation of 
the tongue, velum palati and upper muecles of the pbarynz can be readily 
performed with a suitable electrode. 

The spinal accessory nerve is stimulated with facility in a great part 
of its course ; the large dot in the midilie indicates approximately its 
moat irritable part The aterao-mastoid and trapezius inuecles are readily 
stimulated separately. 

Numerous nerve-trunks and motor-points tiro situated in close prox- 
imity in the supraclavicular fossa, viz., the brachial plexus witli all its 
branches and the phrenic nerve. The latter can with difficulty be stimu- 
lated separately; this must be done with a fine electrode, in order to 
avoid the adjacent nerve-trunka The nerve is situated quit* superficially 
at the posterior border of the stemoraastoid ; the effect of its irntatiun is 
a sudden inspiratory movement, protrusion of the epigastrium, asso- 
ciated with an inspiratory laryngeal murmur. The effect is moat marked 
upon bilateral irritation with a branched eleeti-ode. Artificial respiration 
ia asphyxia by means of rhythmical faradization of the phrenic nerves 
is beat effected by bilateral irritation with broad, flat sponge-electrodes 
(Ca) (the An beiug placed upon the sternum or epigastrium), partly to 
make sure of reaching tlie phrenics, partly to stimulate also the branches 
of the brachial plexus and thus cause the auxiliary muscles of re^ira- 
tion to be brought into action ; the head, shoulders and arms should be 
fixed by assistants. The vigorous faroclic current ia closed for one to 
two seconds, then opened for the same length of time, expiration being 
aide<l at the same time by means of vigorous pressure upon the ab- 
domen. 

With some core the individual branches of the brachial plexus ore 
readily stimulated separately, especially in lean individuals ; the upper ex- 
tremity may bo partly elevated and the head turned slightly toward the 
other side. The axillary nerve (contraction of the deltoid) can be found 
iu the upjwr part, the posterior thoracic nerve (contraction of the rhom- 
boids, etc.) somewhat more posteriorly, the long thoracic nerve (the ser- 
ratus magnus muscle) more inferiorly and externally. The anterior 
thoracic nerve is found immediately above and below the clavicle and 
somewhat internally. iHnally, from a circumscribed point, about two to 
three centimetres above the clavicle, somewhat outside of the posterior 
border of the steniomastoid and immediately in front of the transverse 
process of the sixth cervical vertebra, simultaneous contraction may be 
produced in the deltoid, biceps, brachialis anticus, and supinator longus 
muscles (supraclavicular point). 

In the arm (Fig. 30) the median and ulnar nerves are stimulated with 
readiness in their entire course along the iutei'nal bicipital sulcus ; the 
most irritable point of the ulnar nerve is a little above the inner condyle, 
of the median nerve at the elbow. The best position for the stimulation 
of these nerves ia slight flexion as in the illustration, with relaxation of all 
the muscles. The effects of ulnar stimulation are : ulnar flesion and ad- 
duction of the hand, ffexion of the last three fingers, adduction of the 
tliumb. The effects of stimulation of the median nerve are : nmrkod pro- 
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nation of the forearm, flexion of the wrist, closure of the hand, controctiiiu 
of the tliennr muscles. 

The musculo-cutaiieoua nerve is readily reached, with a fine electrode. 




I the (toroGO-brachialis and bioepe muscles. In the forearm th« 
two main nerve-trunka are readily found above the wrist ; the most irri- 
table points tire iudimt^d on Fi*^. 30, Tlie motor points of the muscleit 
• also indicated in the illustration aud are readily detect«d. 
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' Upon the extensor aspect of tiie npper extremity the radial nerve ii 
the most important and quite difficult to stimulate ; it ahottld'rbe looked 
for about the middle of a line connecting the insertion of the deltoid and 
the extei-nal condyle ; a fine electrode is preaeed deep between the triceps 
and bntchialifl anticus against the bone and only a small spot is found 
here which is readily irritated. The effect of this stimulation is marked 
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extenBion of the vrist, extension of the first phalanges, separation of the 
fingers, abduction of the thumb. 

Apart from this, only muscular points are found upon the extensor sa- 
pect of the arm and these are indicated on the figure. Upon the trunk 
the muscles can only be stimulated by direct irritation of the iadividuil 
muscles. 
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_ The anterior aspect of the tbigb preeents aimple relations (Fig. 32)* I 
The crural nerre is immediately adjacent to and Bomewbat outaide of thai 
Teasels of Uie tliigh ; it is well to press the electrode toward the pelvia and'l 
employ a strong current. The effect is contraction of the quadricepal 
and sarteriuH and extension of the le^. The obturutor nerve is reaebed.l 
by pressing upon the point indicated in the figure, deeply hatweeii tbtl 
ntoecles and toward the pehia. The individual musclen can generally bol 
stimulated quite readily. ^ 

Upon the posterior aspect of the thi<;h (Fig. 331 the glutfeus maximus 
I be made to contract by direct stimulation alone. The trunk of the 




wmtic HOTve is best stimulated at the lower bonier of the glntivua. tlM'1 
electrode being pressed in firmly with a very strong current. In tbe pop- 1 
liteal space its terminal branches are easily reached. The tibial nerve la ' 
^^MAcUv in the middle, its most irritable point being in the principal tnms- 
^HwaeKild. Effect of its stimulation : contraction of the cilf, strong plantitr 
^^Hlioa of the foot, flexion of the tees. The peroneal nerve is more to the 
^^ntmde, ite most irritable point being in the same tronaverse fold. Effect : 
^irtroag dorsal flexion of the foot, more or less marked abduction or adduc- 
tion, extension of the toes. 

Tlie muscles of the posterior aspect of the liiigh are stimulated with 
^iSeulty ; it is advisable to keep the log passively flexed during the ap- 
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plication ; contraction may be produced most readily in the neighborhood 
of the points shown on the figure. 

In the leg we can, in the main, merely stimulate the muscles directly 
from the motor points ; in the thigh the motor points of the gastrocne- 
mius and soleus can be found readily, the latter being irritable only at 
its edges in Tarious places. Lower and to the inside is found the motor 
X)oint of the flexor digitorum commun longus, to the outside that of the 
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flexor hallucis longus ; still lower, to the inside of the tendo Achillis, the 
tibial nerve, from which a contraction of all the plantar muscles may be 
secured. On the anterior aspect of the leg the trunk of the peroneal 
nerve can be stimulated above at the head of the fibula. 

Tlie motor points of the tibialis anticus, extensor digitorum longus, and 
peroneus longus are situated at about the same height and require toler- 
ably strong currents ; farther down to the outside is the motor point of 
the peroneus brcvis, still lower, near the edge of the tibia, that of the ex- 
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wr hallucis longna. Upon the doraum of tlie foot, the estensor digi- J 

tomm breviB, abductor miDimi digiti, and dorsal interoasei ore readiljr I 
6tuQulat«d. 

The localization of the current in other parts of the body can be readily 
determined by a careful coiiBidemtion of the anatomical relations. With 
regard to the skull it ia important to know accurately the projection of the 
ndiTidual parts of the brain upou the surface. Thus, for example, the 




a of the third frontal convolution (speech centre} is somewhat in 
front of and above the ear ixnde Fips. 28 and 29) ; the region of the oen- 
tnl convolutions extends from this part backward to the vertex ; the 
medulla oblongata lies between the mastoid processes and the two anricnlo- 
mastoid fosaie ; the large basal gangha are situated between the temples, 
etc I have previously described the position of the superior cervical gnn- 
gUoQ in the neck ; the lower one may be sought with a broad electrode next 
to the stemo-mastoid above the clavicle, the other electrode being placed 
upon the doraal epine. 

In ever? individaal case which comes onder your care, you should fiiBt 
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form a tleSnite plan of treatment. This method should be pursued for 
some time, and if ite inefficiency is theu distiuctljr shown you mav adopt 
another plau. 

I consider an accurate personal knowledge of the effects and strengths 
of the currenta aa indispensable for every practical electro-therapeutist. 
Make frequent experiments upon your own body, determine the law of 
contraction of your varioua nerves, faradize all the nerves and muscles of 
your hody which can be reached, determine the sensations produced by 
various strengths of current upon different parts of the body, etc ! In 
this manner you will learn Low to produce any desired action with the 
least possible irritant effect. 

It is advisable not to begin with too strong currents. The strength of 
the current should be first tested upon your own face or hand. If you ut 
once attack a patient with a very strong current you may frighten him 
and destroy bis confidence. The best means of possessing constant con- 
trol over the strength of the current is undoubtedly the presence of a 
galvanometer in the circuit of cloaui-e. The strength of the current may 
also be gauged approximately by the intensity of the sensation of burning 
ol the skin produced by apphcation of the electrodes. 

It is especially important to employ only mild currents upon the head 
(with the exception of certain cases of aural disease). Sudden interrup- 
tions or reversal of the current should be avoided in this locality, unless 
rendered necessary for special reasons. 

In the employment of the galvanic current use the largest possible 
electrodes (unless some special purpose necessitates small ones) permitted 
by the anatomical relations of the parts and their nppUcabiUty. They 
should be kept thoroughly moistened by dipping them in hot water. Ap- 
ply the electrodes fiimly to the parts, especially when operating with 
strong currents. There is nothing more disagreeable to the patient than 
the sudden and repeated electrical shocks which occur when the electrodes 
are applied unsteadily. 

Avoid all unnecessary irritation ; do not make any interruptions or 
changes of polarity, if not required. This rule is to be especially ob- 
served in the treatment of the central nervous system, the production of 
certain catalytic eflects, in neuralgias, etc. 

The duiration of the individual applications and sittings is a not unim- 
portant question. Almost all the later electro -therapeutists are agreed 
that short sittings are as effective as long ones, if not more so. There are 
naturally not a few exceptions, as in the local treatment of chronic articu- 
lar rheumatism, in the production of energetic catalytic effects, in general 
electrization and the like. 

In ordinary cases, each individual application, i.e., to a certain part, 
should lust from one-half to two, at the most eight minutes, and the entire 
Bitting fi'om two to ten, at the outside fifteen minutes. 
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No general rules can be laid down with regard to the frequency of the 
repetition of the sittings. One sitting daily is preferable as a rule, and a 
larger number are rarely necessary. In many cases which run a chronic 
course two to four sittmgs a week will suffice. 

Very little can be said with regard to the duration of treatment ; in 
chronic cases it is best to continue treatment so long as good results are 
visible or may be expected. If this is not the case, the treatment should 
be interrupted, but repeated, as a rule, after a certain lapse of time. You 
will not infrequently observe a more rapid and vigorous action after such 
intermissions; 

In general it may be said that such chronic cases should be treated from 
two to six months, then an interval of equal length allowed to elapse, which 
may be filled in serviceably by other methods of treatment (baths, climatic 
cures, massage, etc.), or two to three series of forty to sixty sittings (daily 
or every other day) are held every year. In this manner obstinate cases 
of infantile spinal paralysis, tabes, chronic myelitis, spastic spinal paralysis, 
old hemiplegia, hysteria, neurasthenia, etc., may be treated with advan- 
tage for a number of years. Of course this will depend more upon exter- 
nal circumstances, the pecuniary condition of the patient, and the like, than 
upon the character and course of the disease. 



ELECTRO-THERAPEUTICS. 



SPECIAL PART. 



PART V. 
■ Special electro.therapeutics. 



INTBODUCnON. 



Wb now como to the considerntton of tlio action of electricity in 
individual fomis of disease, the indicntiona for the use of this remedy, 
and of the methoda suitable in Tarioua diaeoaea— i.e., to special electro- 
Iherapeutica. 

In mj previous lectures I explained that we had determined not a few 
points of departure from which we might expect various and even mani- 
fold curative effects from the use of electricity ; but I was compelled to 
add that we are still restricted more oi' less to nn empirical standpoint — 
that electro-therapeutics is still founded mainly on experience. 

We must therefore carefully examine electro- therapeutical experiences, 
in order to determine whether thoy justify the aesumption of curative ef- 
fecta ; whether they can be subjected succeasfuUy to the inductive method 
of investigation, and can therefore be employed as the basis for tlie deter- 
mination of therapeutic indications. 

This means nothing more nor less than a critical sifting of my personal 
experiences, as well as of those accumulated in literature — a task which 
can with difficulty be cai'ried out. Apart from the prejudices which most 
specialists entertain in favor of their own methods, of the more or less 
UDiutentioual self-deceptions to wliich they are liable, we have to deal in 
these cases with forms of disease in which even the most conscientious and 
Bkepttcnl observer may fall a victim to the grossest error. In nervous dis- 
eases, especially in the numerous functional neuroses, remarkable improve- 
ment and recovery occur, apparently spontaneously, with such frequency, 
the psychical element and many other factors play such a great jwirt, that 
the ■■ post hoc ego propter hoc " very often leads to false conclusionB. In 
other cases, again, we have to deal with such tedious, morbid processes, 
that the possibility of spontaneous remissions and improvement will readily 
L onr judgment with regard to the therapeutiG result Or other 
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simultaneous effects cannot be excluded ; the favorable results of other 
methods of treatment or after-effects of other cures (baths, eta) may be 
falsely attributed to electricity. 

If, in the face of such difficulties, the man of large experience does not 
entirely lose the hope of " rising from this sea of error," this is due to the 
fact that so much that is hopeful and stimulating is manifested in a Tallied 
experience, so much proof of the benign effects of electricity, that a never- 
ceasing stimulus to further labor and investigation in this difficult field is 
developed. 

But for scientific demonstration, for the gradual formation of the foun- 
dations of scientific electro-therapeutics, an extremely careful selection of 
cases must be made. Those alone may be chosen which are based on cer- 
tain and accurate observation, and in which, from the rapidity and magni- 
tude of the results, from the exclusive application of electricity, and all 
the attendant circumstances, it is rendered as imdoubted as possible that 
the therapeutic result is due solely to electricity and not to chance or 
other circumstances. 

A second important object is the determination of the methods accord* 
ing to which the electrical treatment may be best carried out in individual 
cases. As you have learned, this cannot be done a priori upon the basis 
of our knowledge of the various physiological actions of the current, 
although these must serve as guides in our investigations, but is only pos- 
sible upon the basis of a large and critically sifted experience. There can 
be no doubt that exact and scientific methods alone will lead to the goal 
Above all, they must be based upon clear physical conceptions ; then they 
may be guided by our physiological knowledge of the most important 
actions of the current. Experience, however, must constitute the final and 
decisive criterion. 




LECTURE XV. 



■ MSEASES OF THE BRAIN, INCLUDING THE 
H PSYCHOSES. 

b' 

IntlodaatoiTlemftrka— Phjiiolo^cal, Experimental, and ThoorelJcal Bull of Eleotro- 
thaniponte* o( the Bmin — Tborapentioal Fact*— Collection of a Serioa ii( Indi- 
ridao] ObRttTfttiooa — Concltuions therefrom— Negative or Pwrtml Coratire Elfeuts 

^^ —The Fonm of Uiaaaee in which Eleotro- tborapautio Saooeu uuij, uiil tboas tn 

^^L wUeh It BMj oot, ba expected. 

^Hr For along tine certain prejudices preveut«d tbo direct application of 
■lectrical currents to tlie skull in various cerebral diaeaaea. The occasional 
reports of llie fo^-:J^able tborapcutic eCTecta of sucli a procedure were 
rcceiTCtl with decided mistrust It was maiutAiued by eminent authorities 
that the current couVl not bo convcyod through the bones of the skull 
into the brain ; while, on the other bainl, others described in lively colors 
the dangers of such an application to the head, especially of the galranio 
current. After my intcstigutions hod shown that the brain could be 
readily reached, even by mild foradio and galvanic currents, it was also 
gradually discovered that the apj>lication of electrical currents to the skull 
docs not present any special dangers. Numeroua exporimeuts upon ths i 
healthy and sick, especially the often-practised esamiuaUon and treatment I 
of the auditory apparatus with very strong galvanic cutrreuts, have long 1 
since proved the contrary. The apphcation of electrical currents to tbft I 
heail is very well tolerated, without exception, by healthy individuals ; a I 
cortflin amount of caution is necessary when the brain is diseased, but the f 
stories of serious disturbances of the brain, aiX)plexy, amaurosis, etc., * 
consequence of faratlization or galvanization of the head, have received no I 
autbendc corroboration. 

The attempt oould therefore be made, with a ccrtnin amount of coo- ' 
fidcnco, (o imdce cerebral diseases the subject of electrical treatment ; but 
the ([UostioD first arose whether any justification existed for attempting to 
treat diteases of the brain by the application of the electrical current and 
for expecting definite curative effects therefrom. 

A more careful consideration shows, indeed, that various data are fur- 
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QiBbed which, in a series of cases, lead to the hope of a favorable influeuce 
of electricity upon the dieeased brain. 

The simple fact tbut electrical currents really act upon the brain, tJut 
they produce vertigo, a feeling of dulnesa and nausea, that they act ta.\oi- 
ably upon sleep, etc., is indeed a very meagre foundation for therapeutical 
application. But at all events, we niay therefore conclude that Btimulxting 
and modifying effects upon the cerebral substance ore possible, that per- 
haps changes may be produced in the molecular or finer nutritive relations 
of the organ, and the outlook is thus presented of securing a favomble in- 
fluence in morbid functional disturbances of the brain, in conditions of 
exhaustion, and i>erhaps iu morbid irritations, sleeplessuess, etc. 

More impoi-tout data ore furnished by the previously mentioned state- 
ments with regard to electro-physiological action upon the cerebral vessels, 
the most important being their direct change (contraction and dilatation), 
as was experimentally proven by Loeweufeld. This at lensl opena up a 
more distinct possibility of accelerating or retarding the circulation in the 
skull and brain by means of electrical currents, of modifying the nutriUve 
conditions, perhaps producing an alteriitive action upon p-ithological pro- 
cesses, of antagonizing hypenemias and anfflmios (primary *s well {is second- 
ary) with their sequences. According to Loewenfeld'a experimanta, this 
would be possible in a liirecl manner ; the physiological foundation for the 
indirect vasomotor influence of the cervical sympathetic and spinal cord 
upon the brain is loss positively established. 

Very few data are as yet avaihible with regard to a more remote, indi- 
rect influence upon the cerebi-al circulation by means of reflexes from the 
integument ; but the recent experiments of Eumpf and the tberapeulic 
experiences reported by him, at least open up the possibility of securing 
favorable results in this manner ; perhaps many favorable effects of pe- 
ripheral electrical ti-eatment upon cerebral ofi'ections con be explained in 
this way. 

Even more obscure are the probably molecular, dynamical effects upon 
various cerebral functions from stimulation of sensoiy nerves. I do not 
now refer to the metoUoscopic experiments, but to those of Vulpian, who, 
by means of local, circumscribed faradization of certain portions of the 
integument of the forearm, caused the disappearance of cerebral hemian- 
testhesias, which were probably produced in part by anatomical changes 
iu the brain. 

Much greater hopes are aroused by the catalytic effects of electrical 
currents, thougli these have only been determined with certainty in other 
parts of the body. The possibility of a direct action upon the brain and 
its parts being taken for granted, we are jnstifled in assuming tliat these 
effects will not foil us in certain morbid processes within this organ, and 
it is therefore very probable that by means of electrical cuiTeuts we can 
facilitate the absorption of hemorrhagic extravasations, relieve cedema and 
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coIIat«ral fluxions, improve tba uutiition of parts, relieve, or at least mod- 
erate, cbrooic indammatory, sclerotic, degenerative, and similar conditioux. 
I will BOW give a selected number of observations of this chitractcr : 



1. Observation by Neflel. Cerebral neiiraethenia. — A busy pliyaician. 

Xd forty-two, sick in consequence of over-work ; suffers from loss of 
_ sical and mental energy. Ability to work greatly dimioialied ; supers 
from ineomnin, a dull feeling in the head ; melimcholio dcpressiou ; loss 
of desire and inability to work or read ; readily gets tired ; general weikk- 
ness, feeling of heaviness in the back. Examination gave negative results, 
with the exception of some albumen in the urine without any morjiho- 
logical constituents. Galvanio treatment : Ca on the back of the neck. An 
xtabile and slowly labile over the eyelids, forehead, temples, and aiiriculo* 
maxillary foasie on both sides ; then the same procedure with reversed 
position of the electrodes, and finally galvanization of the cervical sympa- 
ihetie. Great relief after the first sitting, better sleep ; progressive im- 
provement, finally recovery ; the albumen disappeared. 

2. Pergonal obaerixUion. Emotional neurosis ; hemiparem of the riyhl 
side. — A merchant, aged forty-six, had a severe emotional distnrbaoce (in 
consequence of being insulted) ten weeks before ; immediately afterward 
suffered from epigastric pressure, nausea, loss of appetite ; then vertigo, 
stnggering walk ; later, gradually increasing weakness and tremor of the 
right hand, so that he could no longer write ; then a general feeling of 
weakness and being tired. Tendency to cry, depression, restlessness ; often 
has poor sleep. Memory ia impaired, his thoughts often foil him in speak- 
ing. Examinationshowsshghtparesisof tfaerightfacislnerve. The tongue, 
paUte. mastication, and deglutition normal, also movements of the eyes and 
pupils. The right arm is decidedly weaker than the left ; marked tremor 
in stretching out the hand, the movements of which are somewhat awk- 
ward and weak (dynamometer, right hand 26° ; left band 51'), Sensibility 
of the right upper extremity normal, the tendon reflexes somewhat in- 
creased. Motion and sensation of the right lower extremity normal ; tlie 
tendon and plantar reflexes slightly increosefl. Galvanic ti'eatmcut ; 6 
elements Stoehrer from the neck to the foreheai] ; 8 elements to the cer- 
vical sympathetic ; 1(^ elements Ca labile through the nerves and muscles 
of the right arm ; daily sittings. 

June 2G, 1879. — Before the first sitting, dynamometer, right 2li', left 
51' -, after the flrst sitting, dynamometer, right 39°, left 41". Better gen- 
eral condition and sleep i^nvonL 

June 3i>th. — Changeable condition ; improvement on the whole. Be- 
fore the galvanic treatment, dynamometer, right 32", left 43° ; after the 
galvanic treatment, dynamometer, right 42°, left 41°. 

Jitly fith. — Headache, vertigo, sleep improved. Before the galvanic 
treatment, dynamometer, right 40'', left 41' ; after the galvanic treatment, 
dynamometer, right 40', left 43^. 

July 12th. — Patient feels decidedly better with regard to the head and 
speech ; sleeps much better. Still complains of pain in the arm, which is 
much better, but not perfectly useful ; the slight difference in the face 
■till continues. Stopped treatment 

3. Penonal ob^erLiiwn. Insomnia; mental depresnon. — A widow, aged 
forty-one years, very depressed for about two months in consequence of 
MBotional disturbance, with marked precordial onxie^ and almost oom- 
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plet« issomiua with very resUesB thoughts, reBtlesgness of the limbs, etc. 
Moderate aniemia. Appetite and digeatiou good. Cbloral and niorpliia 
are not tolerated. Ordered tea and electrical treatment at night 

January 21st.— Paradization of the head with the hand. 

Jiinuai-y 22d. — No improvement ; great terror ; faradization o( the 
bead and also from the neck to the epigastrium. 

January 23d. — Slept one hour and a half ; terror much diminiahed. 

January 24tl). — Has not elept (on account of abdominal pain and 
diarrhreii). 

January 26th. — Slept two hours ; abdomen normal. 

January 26th.— Has not slept (made a visit in the afternoon), 

January 27th. — Has not slept ; terror has disappeared. Galvanic treat- 
ment now begun: 4 elements, Btoehrer, from the forehead (An) to ttia 
back of the necl^, stabile, for a minute and a half ; 6 elementa from the 
neck to the epigastrium, etabile, for a minute and a holL 

January 28th, — Two hours sleep : terror has permanently disappeared. 

January 29th. — Two hours and a half sleep ; similar Lreatnieut. 

Jaiiuaiy 30th and 31si — Haa not slept (menses about to begin I) but 
disposition good. 

February let. — Three hours sleep. 

February 2d. — Slept more than five hours ; feels welL Beginning of 
the menses, during which she did not sleep for two nighta ; migrtuue ; 
slight feeling of terror. No galvanic treatment. 

FebruQiy 5tL — Slejit the whole night (seven to eight hours) ; has not 
had such a good night in months. Oalvonic treatment 

February Cth. — Five to sis hours sleep. Terror entirely disappeared. 

February 7th. — Seven and a half hours sleep without intermptiiMi. 
No headache or terror ; feels perfectly well. Leaves to-day. A later 
communication shows that the improvement has continued ; sleeps four to 
five hours eveiy night 

4. OI}servalion bij Itumpf. Hypercsmia of Ike brain (f) (cej-ebral vairas- 
Ihenia). — A merchant, aged forty-eeven years. No neuroi>atliic tendency, 
formerly always healthy. In consequence of great exertion and excite- 
ment, first had unpleasant sense of pressure in the head, then readily 
flushing of the face and a feeling of congestion of the head. Increasing 
bea\'ineHS and duluess of the head, occasionally severe headache ; annoy- 
ing sensation of vertigo, especially in raising and lowering the head ; ring- 
ing in the ears ; diminished capacity for work ; condition of escitament, 
even upon slight cause ; very poor sleep. Spinal functions normal. Ob- 
jectively everj-thing normal. Bromide of potassium unsuccessful. Treat- 
ment : vigorous faratUc brush over the back, chest, and upper extremities ; 
this was followed by desire to sleep, head clearer. All ^'mptoms disap- 
peared after a second apphcation. 

5. Peraonal obiiervation. Right hemiplegia [from cerebral hemorrhage t). — 
A carpenter, aged twenty-five years. February 10, 1872 (at a boll), sudden 
occurrence of hemiplegia, without loss of consciousness and aphasia, but 
with indistinct speech (anarthria). Complete paralysis of the r^ht side, 
also the face ; formication, but sensation retained. Gradual Improve- 
ment up to present time ; condition entirely healthy heretofore, CoutUtion 
on Aprd 8, 1872 : right hemiplegia, paresis of the lower branches of the 
facial nerve, the tongue deflected readily to the right ; uvula straight, 
velum palati normal. Forearm slightly movable, hand and fingers not at 
all ; slight mobility at the shoulder-joint Slight contractilre of the 
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flexors o( the arm. Lower estremity paretic and stiffi but patient cfiii 
walk arouud. Sensibility normal ; some feeling of nunibncsB iu tlie lips 
of the fiugers. l*upils and ocular movements uormaL Nu uphasia. Heart 
entirely normal. 

Galvanic treatment : Longitudinally through the left half of the bUuII, 
stabile, and transversely from the left forehead to tlie right brachial 
plexus : then the Ca labile through the nerves of the right ann. On the 
foUomn>f day the patient states there is distinct improvement. Careful 
obHerviition (April 9th) shows, before the galvanic treatment, absolute 
immoliiiitr of the flngera ; the liand can only be raised to within an inch 
anil a lialf of the nose and the hair on the temples. After the treatment 
(of the head alone), patient raises the hand readily to the nose, can dex 
the finpers slightly, tlie movements of the forearm are somewhat freer. 

April 11th. — After each sitting the patient notices considerable improve- 
ment, and alao in the leg, which has hitherto not been examined or treated. 

April 15th. — Continiied improvement ; the movemeuta of the arm are 
freer, flexion of the fingers is possible to a shght degree ; the patient 
reailily grasps the head and nose ; the leg especially (which wos never 
treated) is more vigorous after each sitting. 

Auguat 1. 1872, — The patient is disciargej to-tlay very much im- 
proved. Walks freely and easily ; mobility of the arm much better ; also 
quite good in the extensors ; no more contracture. Writing still iutpos- 
nble on account of deficient pronation. Since the end of September, the 
patient works a little at his trade. 

6. Olisfwation by lirenner. Cerebral hemipieifia ; stidden considi-raiiif 
improit'-inent of the parol t/nn. — A merchant, ageil thirty-eight years ; acquired 
^^hilis ID 1863 ; repeated relajtsea, irregular treatment. At tbe end of a 
yeir and a half tJie patient awoke one morning with complete right hemi- 
plegia, distortion of tlie face and disturbance of sjteech. At the end of 
four weeks, complete paralysis of tbe right upjwr and lower limba, with 
very moderate contracture of the fiexora ; paresis of the lower part of the 
face, without amesthesia. After the muscles of the arm had been stimu- 
lated about half a minute, the patient suddenly became able to move the 
arm, to lift it from tbe trunk and flex tbe forearm. Tiie efieot upon the 
leg was even more striking : after a few contractions through the crural 
and peroneal nerves hail been secured, the patient arose and walked 
tlimugh the room mthout support, though the fiwt dragged. In the 
further course of treatment the paralysis improved sninewhut, though not 
much, and permanent bemiparesia with eoutrncture remained. 

7. I'ermnal ohiteraition. Righl hemiplegia; tudflen imprnvemi-iil. — 
An officer, agB<l Hfty-three years ; suddenly paralyzed three rcnrs ago 
witliout loss of consciousness. At first complete paralysis. The fare ia 
now well, the log still weak, the patient only able to walk with a cane : 
arm almost completely paralyzed, with marked flexor contracture. Eleo- 
trioal excitability normal Immediately after faradization of the nerves 
anil muscles of tiie arm, the patient can move the fingers soraewlutt 
better ; likewise during the passage of a galvanic current traoatersely or 
loagitnibnally through the bead. .Uter this first (explorative) sitting, do- 
cidcd improvement hwl occurred ; tbe patient feels freer and stronger, 
rising from a chair is eRected more readily ; he walks without a cane. 
The arm is not improved. Prolonged electrical treatment did not add 
much to the improvement thus eflected at the outset 

Obst-riation by Sejid. JtiylU hemiftUgxa and ajikasia (/mm embol- 
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isvifj. — A man, aged thirty-eight years. February 23, 1877, a serere 
apoplectic attack, followed by right hemiplegia and aphasia. Rapid im- 
provement ; persistent paresis of the lower limb, still more of the upper 
limb. Right-sided disturbance of sight and hearing ; headache, melan- 
cholia depression ; geueral weakness, sleeplessness ; sj~3tolic murmurs at 
the apes of the heart. Paresis of the rectus iutemua of the right eye ; 
naaal hemiopia of the right eye. Galvanic treatment (beginning Mwch 
10, 1877) : I. Ca in the neck, An stabile and slowly labile upon the eye- 
lids, forehead, temx^les and both auricnlo-maxillary fossse (4 to 7 Se- 
mens' elements). 2. The same procedure with reversed electrodes. 
3, Galvanization of the cervical sympathetic (Ca on the ganglion). Im- 
mediate improvement ; head freer, sleep 1>etter ; insufficiency of the rectus 
internus disappears, also the defect in the field of vision ; the parens of 
the limbs also improves (they were only treated twice, more for diagnostic 
purposes). Interruption of treatment on Mtu-ch 29lh {eleven aittings). 
After a few weeks, a relapse, especially headache, vertigo, insomnia, pains 
in the right arm. May 29th renewed treatment (same plan) ; considei^ 
able improvement after eight sittings. 

9. Obsvrmtion by Morilz Sfeyer. Memiplegia, prtMJy from hemor- 
rhage. — A merchant, aged l"wenty-six years, feeble, suflering from palpita- 
tion of the heart, and hypertrophy of the left ventricle without valvular 
disease ; vertigo, followed shortly by unconsciousness, convtdsiona, and 
complete motor and sensory hemiplegia of tlie left side, parftlysis of the 
bladder. Very gradual improvement. Two years later : left arm can 
with difficulty be raised to an angle of seventy degrees, is emaciated, 
cold, partly amesthetic ; moderate flexor contracture ; head dull ; bladder 
in tolerable condition. Treatment : in the beginning merely galvaiuzation 
of cervical sympathetic (An to the left upper ganglion). Results very 
satisfactory ; after twelve sittings the arm can be raised completely and 
extended, sensibiHty has improved ; the leg is dragged less ; head freer. 
Descendingneuro-muscutar current was then employed: after fifteen sittings 
the mobibty of the hand and fingers was considerably improved ; tempera- 
ture of the arm approximately normal ; sensibility not completely restored. 

10. Ohgeroation by Vulpian. Monoplegia of the right ann taith cotnptete 
ammthesia (probably from a hemorrhage). — A laborer, aged eighteen yeAisj 
apoplectic attack ; unconsciousness ; upon restoration of consciousness, 
the right upper Umb was found completely paralyzed ; with the exception 
of a rapidly disappearing aphasia, the paralysis was exclusively confined 
to the right arm ; in addition to the complete parolyais, there waa also 
complete aniesthesia of the Umb. Various methods of treatment (nitrate 
of silver, chloride of sodium and gold, faradization and galvanization of 
the paralyzed ai-m) produced very little improvement in mobility and sen- 
sibility. After the lapse of five mouths the patient was subjected to cuta- 
neous faradization (active fara<lic brush to & very limited portion of the 
right forearm). Rapid improvement of motion and sensation occurs. Sen- 
sation improves daily from above downward ; motion in such a manner 
that, at the end of twenty days, the dynamometer shows right 8°, left 57°. 
On one of the following days, dynamometer on the right side, before fora- 
dization 10°, after faradization 17°. At the end of five weeks, sensation is 
restored to the tips of the fingers, all movements of the arm executed 
without any special effort At the end of two months ; dynamometer, right 
band 35°, left hand 60°. The patient uses the right hand as well as the 
left, but the former is a little weaker. 
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11, Observation by AMiaug. Left hemiplegia (from hemorrhage?). — A 
WomnD. o^ed &!ty-three years, two months prenoiisly had au attack of apo- 
plexy witlileft hemiplegia. She can LOW walk a little, but the arm ia euUi'eiy 
powerless ; arm and leg warmer than on the rigbt side ; tlesor contracture, 
whose passive removal causes great pain. Increased farodic excitability. 
Application of galvanic current to the right temple, the superior sympa- 
thetic gangliou, and from the spine to the nerves of the limbs, with inter- 
ruptiouH of the current Noteworthy effect upon the muscular couti-ac- 
ture ; soon after the sitting the patieut can extend the arm and open the 
hand ; the gait is also improved, but the inipi-ovemeut continued ouly a 
few hours. But after treatment for six weeks (twelve sittings), the patient 
can walk quite well alone, and has recovered the use of the arm in great 
measure ; contracture and pain have disapxteared. 

12. Ofiaercoliim by AUhau4. Monapiegia of the right arm (from embul- 
iirm T). — A merchant, aged fifty-two yeai-s, suddenly suffers from a feeling oi 
faintuess and vertigo, and at once loses completely the ase of his right 
arm ; no disturbance of consciousness or H]}eech ; leg and face unaffected. 
Two days later complete paralysis of the forearm and hand, and almost 
complete oniesthesia of the hand and fingers. Application of tlie galvanic 
current for one minute to the left hemisphere ; the patient can then move 
the wiiflt and the fingers somewhat Two days later the improvement was 
found to be persistent but had not progreased ; galvanization of the brain 
attain caused alight improvement of the motion of the hand ; the addition 
of peripheral galvanisation of the radial and median nerves produced 
further and more marked improvement A third galvanic sitting secured 
complete recovery. 

13, Obgeroaiion by Rump/. Right hemiparesis (anatomical diagnosii wti- 
oerUtin). — A man, aged thirty-six years ; sick for several years ; pains in the 
back, right arm, and hip ; panesthesta and weakness of the entire right 
side ; inability to work, poor memory, doll feeling in the head, insomnia, 
poor spirits. Objectively patient shows slight paresis of entire right side, 
including lower branches of facial nerve ; slight ataxia of movements on 
right side ; distinct analgesia over entire body ; tendon-refiexee very 
marked on both sides. Ul>on the left parietal bone is a somewhat deep 
(Mseoiis cicatrix, due to previous injury. Galvanic treatment, continued 
for some time, useless. Treatment with the faradic brush (to the trunk 
and extremities) causes rapid improvement ; the pain and parsestheaia dis- 
appear, sleep improves. At the end of six weeks, tlie only symptoms 
remaining are a slight change in the position of the mouth and shght 
analgesia ; the paresis has disappeared. 

14. Personal obnervalion. Tremor of Ihe head, attacks of vertigo {incipient 
mullijile KclrrroHig T). — A shoemaker, agetl forty-one years; previously healtliy, 
never syphilitic. In March, 1877, sudden severe attack of vertigo, with 
subjective appearance of fire ; then loss of consciousness for two days ; 
afterward severe heailache, pain in the bock and tegs. On every attempt 
at mutiou, marked tremor of the head occurs, but disappears during rest 
During next few months, gradual dimiuution of the tremor so that the 
patient was again able to work. April, 1878, renewed violent vertigo, 
headache, pain in the legs, sticking pain and ringing in the left ear ; no 
disturbance of consciousness, but return of the tremor in much greater 
severity. Improvement in the hospital ; tolerable condition, also, during 
the following winter. 

End of March, 1879, another attack of vertigo, with severe headache. 
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but ^tliout disturbance of consciousnesB ; pain and a sense of heavineEs 
in the legs ; greatly increased tremor of the head, and now tremor of tbe 
arms ; diiSculty of epeoeh ; feebtensBS of memoiy ; diminished nieatnl 
ability ; eyesight also said to be enfeebled. Condition on June 7, 1879 : 
nothing abnormal in qniet position ; on escitement or motion, veiy active 
tremor and shaking of the head. Eyes normal also ophthalmoscopiraUy. 
Otologienl examination shows old tubal and middle-ear affection on tbe left 
side. Tongue, gums, mastication, and deglutition normal ; speech some- 
what stuttering and uncertain. No noticeable disorder of the upper limba, 
except slight unsteadiness of movement and slight twitchlngs on tbe left 
side ; no distinct tremor and no ataxia. In tbe lower limbs, more decided 
uncertainty of movements, but no distinct ntasio. Galvanic treatment: 
longitudinally and transversely through the bead, also to the ce^^'ioal sym- 
patbetio. 

Jime 16th. — The tremor has diminished perceptibly during; the last 
few days ; to-day no trace of former tremulous movements is left. The 
patient also feels much better subjectively. Headaches have disappeared 
entirely ; occasionally a sense of pressure in the head ; greater mental 
vigor ; sleep improved. 

July 2, 1879.— Discharged as entirely cured. In October, 187!). no 
cerebral sj'mptoms are present, and tlie tremor has ceased permanently, 

15. Obterixttion by Sloritz Meyer, i^fl hemiplegia after arule etirrphaiitit. 
— A boy, aged eight years, acquired, in 1865, acomplete paralysis of the left 
half of the body, associated with unconsciousness and violent convuMona 
May, 1866, improvement in tbe leg. January, 1867, the arm still entirely 
useless, cold, drawn toward the tliorax, moderately contractured. Deltoid 
and radial distribution partially, ulnar distribution completely paraljTed. 
Electro-muscular contractility intact ; sensation not disturbed. Treatment ; 
faradization of the paralyzed muscles ; decided improvement after tbirteen 
sittings ; after forty-two sittings, mobibtj of arm and fingers almost 
normal. 

16. Personal observation. ParaJym of numeroiut bulbar verves. — A 
laborer, aged forty-eigbt yeara ; sick since June, 1871, with pains in tbe 
upper limbs, stiffness of the lips, violent headache, flashes of light, and occa- 
sional diplopia. Later, pain in neck ; the head feels heavy and sinks forwnrd ; 
increasing difficulty in mastication and deglutition. In tbe autumn of 1871, 
severe pams in tbe legs, occasionally weakness in the legs and arms ; coO' 
stont, severe vertigo ; tinnitus aurium. The speech grew feeble and 
hoarse ; the tongue felt heavy ; flow of saliva ; tendency to ptosis. SIe«p 
poor, disturbed by pain and tinnitus aurium. 

January 30, 1872. — Slight impairment of speech ; voice feeble. Pupils 
and ocular movements normal ; no ptosia Hearing destroyed on left Bids, 
diminished on right ; constant tinnitus aurium on both sides. Muscles 
around mouth stiff and awkward ; inability to whistle. Tongue cannot be 
protruded well ; shows distinct fibrillary contractions. Velum polati and 
uvula look normal, but stimulated with difficulty. Pain in neck and back ; 
no abnormality of position or mobility of head. Deglutition Impaired ; 
mastication very much impaired. Sensibility normal throughout Severe 
shooting pains in right arm, the power of which is somewhat diminished ; 
legs readily tired. Galvanic hypersesthesia of both acoustic nerves ; poly- 
pus in left auditory canal. 

Galvanic treotment, 8 elements, Stoehrer, transversely through the 
temples and mastoid processes i 10 to 12 elements to the aernaal i 
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eympatlieiic. An elabile upon cacli car, the current being gradually In- 
creased and diminislied- CoDsiileruble improvement in a few dajB, 

February 3d. — Slight headache ; Icga stronger ; tongue protruded bet- 
ter ; patient con agoiu whistle ; deglutition and inastication decidedly 
better. 

February 12th. — Continued improTement ; heiul stills feels a little dull ; 
limbs almost free from pain ; deglutition, mastication, and whistliug nor> 
mal ; ton^e protruded with readiness. The further course favorable, 
with slight interruptions. 

March 27tb. — Patient discharged cured, with exception of aural symp- 
toms (after fifty-two sittinga), 

17. Personal obgervaliuii. Bulbar Sf/mptom-complex {Erb). — A man. aged , 
fifty-six years ; taken sick in February, 16G8, with shooting pains in iierlc, 
slight headache ; afterward weakness of neck muscles, so tiiat the heitd 
could no longer be held erect. In the beginning of June, ijicreaaing 
paresis of muscles of uiiiatication and weakness of upper eyelids ; finally. 
some difficulty in the movements of the tongue and interference with deg- 
lutition ; utbertviae normal. £n<l of June, 1876, pocidiar potutiuu of 
head from paresis of neck muscles ; bilateral ptosis ; marked weakness of 
muscles of mastication, tlie mouth usually kept open. Mobility of tongua 
not noticeably disturbed ; it presents fibrillai-y contractions. Atrophy of 
Oie muscles of the neck. Limbs normal Ualvaiiic hypermstbesia of the 
left acoustic nerve. 

Galvanic treatment, 10 elements, Stoebrer, transversely tbrough tlifl 
mastoiil processes, stabile, and also to tbe cervical sympathetic ; Ca labile 
through the spinal accessory nerves and the neck muscles ; slow impruve- 
ineut. After sixty sittings, the patient is decidedly better ; can hold the 
head better, deglutition normal, mastication much improved. Discharged 
from September 7lb. 

October 30tb.— Io<lide of potassium administered. Distinct improve- 
ment upon readmissiou ; position of the head markedly better ; ptosis 
slighter ; mnsticntiou and deglutition normal, mouth no longer kept open. 
After twenty-thi-ec sittings more, patient was discharged December 7, 
1868, as almost cured. 

The cases reported above prove beyond a doubt thatelectrical curreula 
m93' produce recovery in various cerebral diseases, oven in coses iu wldoh 
other remedies have been employed (or a longer or shorter jwriod and have 
proved more or less useless ; that, indeed, our a priori expectations huva 
been realised in a series of cases. 

But you vcMSt not expect that tbis will occur with any regularity ; it 
cannot be denied that these scanty positive guccesses are opposed to a 
much larger number of cases in which negative results were obtaiued. 

Tliere is also an entire series of cases which cannot be regarded M 
strict proof of tho curative ejects of electricity, because tbe improvement 
occurs very slowly and gradually, not infrequently other remedies being 
also admiuistereii Here the favorablo effect of electricity is not excluded 
but cannot l>e strictly proven. 

Not infrequently cases occiu* (as in Observations 6 and 7) in which 
ft very rapid and striking improvement develops forthwith after the em- 
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ployment of electricity, but only progresses to & certain extent, tiien 
comes to a stand-still and cannot be furthered by continued tfeatuietit. 
Thus we find, for example in Bomewhitt chronic apoplectic paralj'His, a 
Btriking improvement in mobility occurs almost suddenly. After one or 
two sittiugB, movements return which seem to have disappeai'cd entirely, 
the patients can euddenly walk better, use the hand betler, and hope for 
complete recoveiy. But thia hope is deceptive. After a ahort time a 
stand-still occurs, and the subsequent improvement is very slight We 
may also find that the sensory disorders, paro^stbesiie, disturbaacee of 
Special senses, aphasia, anarthrifl, etc., wliicli are associated with tho 
hemiplegia, very rapidly disappear, while motion doea not improve to an 
equal degree. In such cases we remove only the secondary disturbances, 
caused by pressure upon the vicinage of au apoplectic focus, by circula- 
tory distui'bances, cedema, inflammatory conditions, etc.; perhaps, also, a 
certain part is played by secoudaiy peripheral nutritive disturbances in 
tho nei-ves and muscles. We may e^pect cui'ative results from electrical 
treatment, with more or less certainty, in the following cases and cate- 
Qonea of cerebral disease : 

Especially in so-called functional disorders of the bi-wi, in various 
cerebral neuroses, of whose anatomical origin we are as yet ignorant 
Here the catidytic effects of the current, its effects upon the blood-vessels, 
and finer nutritive processes probably come chiefly into play ; perhaps 
Bcimething ia due to the stimulating and modifying action of the current ; 
OS in the various forms of cerebral neurasthenia, insomnia, headache, mi- 
graine, the milder forms of psychical disturbances, in vaiions cerebral 
forms of spasm, chorea, epilepsy, the cerebral disturbances of hysl-erin, etc. 

Furthermore, in disturbancea of circulation in which the eSecls of 
electrical torrents upon the blood-vessels of the brain, which have at least 
been rendered probable by Loeweufeld's investigations, may be utilized, 
as also the more problematical indirect vasomotor effects of galvanization 
of the sympathetic or refles efiecta from the integument ; thus in hyper- 
[cmia and anemia of tho brain and the various morbid conditions which, 
in part at least unjustly, have been attributed to them. 

To these may he added hemorrhages into the cerebral substance and 
the foci of softening caused by tbromboaia or embolism, in which restora- 
tion of tho destroyed nervous elements cannot be looked for, but in which 
the catalytic and vasomotor actions of the curi-ent may have a very favor- 
able infiiience upon the absorption of the extra vasattona, the furtherance 
of collateral circulation, the removal of secondary conditions and se- 
quences (circulatory and inflammatory disordera), the stimulation of nu- 
ti-ition, and the restoration of the function of the nerve-elements which 
have not been entirely destroyed- 

Fiually, a favorable influence of the catalytic action of the current may 
be expected in various chronic, inflammatory, and degenerative j 
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in the brain, in ohronio meningitis and encephalitis, sclerotic processes, 
various forms of degeneration and atrophy of nerve-elements. 

A favorable influence must be excluded in tumors of the brain, in far- 
advanced processes of gray degeneration and sclerosis, thickening of the 
meninges, etc. But even here electrical treatment may act favorably 
upon the secondary conditions and sequences of these affections, upon 
which a part of the symptoms depend. 



LECTURE XVI. 

Deyelopment of Electro-iherapeatioal Methods — Direct Treatment of the Brain : Gat- 
alytio and Vasomotor Effects and the Methods of Producing them — Stimnlatisg 
and Modifying Effects —Technique of the Application of the Galyanio and Fazadic 
Current in Cerebral Diseases — Indirect Treatment of the Brain : Galyanization of 
the Sympathetic — Reflex Effects from the Skin— Symptomatic Treatment — ^Elec- 
tro-diagnosis in Cerebral Diseases — Electro-therapeutics of Individual Forms of 
Disease : Cerebral Neurasthenia ; Insonmia ; Hyperssmia ; Anaemia ; Hemorrhage ; 
Cerebral Softening ; Inflammation ; Degeneration ; Sclerosis, eta ; Bulbar Diaeaaes 
— Incurable Cerebral Affections. 

Keflection shows that we must depend chiefly, in the diseases men- 
tioned, upon the vasomotor and catalytic actions of electrical current& 
The galvanic current, therefore, has a wider field in diseases of the brain 
than the faradic, though the effects of the latter cannot be entirely denied. 

We may endeavor to influence these diseases in various ways — ^by the 
direct method, by the direct application of the current to the seat of dis- 
ease ; in an indirect manner by vasomotor influence, chiefly by galvaniza- 
tion of the sympathetic ; or in a reflex manner, by peripheral irritation of 
centripetal paths. Finally, an effect produced by special treatment of 
the peripheral parts whose functions are disordered (nerves of sensation 
and special sense, motor nerves and muscles, etc.) cannot be excluded. 

The special methods of application under these various conditions are 
still based upon a cautious empiricism. 

We must, above all, discuss the direct influence upon the brain. 

With regard to the catalytic actions, the nature of the individual path- 
ological disturbances is almost as unknown as the corresponding effects of 
the current from which we expect a cure. There is an especial uncertainty 
with regard to the action of one or the other pole or one or the other di- 
rection of the current ; the therapeutic experiment is alone decisive. 

With regard to the vasomotor effects, certain points of departure are 
furnished by Loewenfeld*s experiments. 

It must be remembered, however, that these were only made on rab- 
bits, that their results cannot be transferred without question to hu- 
man beings, and that they are not sufficiently constant and decisive to be 
regarded as definitive and certain ; above all, however, that it is often 
doubtful as to what condition it were better to secure in the pathological 
case imder treatment. Who will venture, for example, to say with cer- 
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teinty that in a hemiplegia from cerebml hcmorrhngo or embolism it were 
better to secure an hyperstmia or oniemia of the offectotl halt of the 
bniiu? So long aa we are uucertaln ou tliia point, we will not be able, 
even with the aid of Loewenfeld's reKults, to pass beyond a cautious trial 

Taking these difficulties into consideration, we may choose the follow- 
ing methods of influencing the circuhktory conditiona in tlio akul) and brain : 

To secure a difluae, equable action upon the entire brain, employ lon- 
gitudinal conduction of the current with broad, lai-ge (tleotro<leB, varying 
the direction according to the desired effect : if you wish to increase tho 
flow of blood to the brain and accelerate the circulation, apply the An to 
the neck, the Ca to the forehead ; if the flow of blood is to be diminished, 
th« An la applied to the forehead, the Ca to the neck. 

Transverse conduction of the current (with n suitable dioice of (he 
points of application), so that the morbid process is situated in the line 
connecting the electrodes, is prefei-able for localized foci of disease. 
The choice of the pole depends upon the indication ; if the circulation is 
to be accelerated and the vessels dilated, the An is applied to the diseased 
side ; in the opposite event the Ca is applied to this side. 

Nor have we advanced much beyond surmises with reference to the 
atimulating and modifying actions of electrical curronta. For who can 
tell with certainty whether the brnin ia in a condition of irritation or in- 
hibitiou or paralysis in the various neuroses, or whether the anelectro- 
tonic and cat«lectrotonic action of the current also occurs in the brain? 

We are therefore restricted essentially to this stand-putnt, viz., Uutt 
we must endeavor to pass the current with sufficient strengtli and density 
through the entire brain or the focus of disease. In the flrst choice of tlie 
position of the poles and lUrection of the current, we must naturully be 
guided by the tew positive facta based ou theoretical considerations— as for 
the rest, the problem consists in developing the technique by a cautious col- 
lection of well-con trolled observations. 

The galvanic current is most frequently employed. As a rule, it is 
well to use large electrodes, as the strength of the current is thus in- 
creased without iutcutiifying its density to too great an extent ; recently 
I employ almost exclusively the.large head eloctroiles (vuic page 17). 

Hie methods of application employed by me are the following : 

a. In order to influence the entire brnin, either longitudinally from 
the forebeoil to the neck, or obliquely from the forehead and temple of 
one side to the opposite side of the neck and occiput (succesHivcly on 
Ixitli sides). I have almost always employed the An anteriorly. Occasion- 
ally, in order to secure a more unipolar action apon the brain. I have 
^pUed a large electrode to tlie veiiex, or passed it slowly from the fore- 
head to the vertex, while tlie other electrode was applied to the neck, back, 
■tonitnn, n hand or fooL 

ik In order to indnence a localized morbid process, I employ mainl; 
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tlie longitudinal conductioQ from Uio forehead to the neck upon the af- 
fected aide (the An on the forehead) ; then transveree conduction throagh 
the ofibcted region of the Bkull, Recently I hare employed oblique con- 
duction in such n manner that the morbid process is situated, us fnr a^ pos- 
sible, in the direct line between both electrodes ; the An is ueuollr placed 
upon the side of the lesion. 

When the morbid process ia veiy circumscribed, especially when saper- 
fioial (in the cortex, injuries to the Bkull, etc.). one pole should be applied 
03 directly as possible to the affected spot, the other pole immediately op- 
posite or in some remote part of the body. 

The fara^ljc current may be applied according to the same technique. 
TVhen a very mild application ia to be made, you may employ the so-colled 
"electrical hand." Your ovm hand is then employed as an edectrode 
{usually the An of the secondary current) by grasjiing the corresponding 
electrode nith the other hand and thus allowing the current to pass through 
your own body ; the hand employed in the application should Iw well 
moistened ; the other electrode can he apphed to any part of the patient's 
body. 

The following general iidcs should bo observed : 

Always employ weak currents and begin with very feeble ones. Con. 
Irol tlie strengtli by the galvanometer (15 to 25° deflection of the neadls 
after introduction of 150 CR), or at least govern its strei^th by the occur- 
rence of flashes of light and vertigo. This is e speciaUy true of the gal- 
vanic current. Do not make rapid openings and closures, still less reversal 
of the current. It is well to remove the electrodes gradually by pasaing 
them along the hair of tlio ecjJp. Short sittings are indicated, half a min- 
ute to It minute and a half nt each place, rarely longer. 

In many cases it is advisable to make galvanio "trial sittings ;" you 
can then readily determine whether the applipationa ivill bo tolerated. 

Indirect treatment of cerebral affections may also be employed. 

Galvanization of the sympathetic is the most important in this respect 
In the event of a unilateral lesion the question arises whether the sympa- 
thetic should bo treated on one side alone. AVe do not know with cer- 
tainty that the sympathetic affects the circulation and nutrition of the 
corresponding aide of the brain alone ; furthermore, it ia probable that 
the so-called galvanization of the sympathetic also affects other parts, the 
base of the skull, pneumogastric, cervical cord (in which decussation ia 
partly effected), which may be of importance. It is therefore better to 
treat both sympathetica in all cases. 

The method of galvanizing the sympathetic has been previously de- 
scribed (page 111). 

Another metliod of indirect treatment of the brain is by reflex action 
from the integument ; it should be tried when you desire a distinct action 
upon the cerebral circulation, and may also be useful in vaiiou^ functional 
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disturbances, inBomniik, pRyclioees, etc., and finally in {liBturbnnceB of the 
sensory paths of the brain (heniiiuiEtiathesia). You may employ either 
stimulation of large surfnces of the iute},'unieut, or of very circumBcribed, 
distinctly localized portions. 

In the first event the laradic bnish is rigorously applied for four to six 
minutes, to the back, cheat, and upper limbs, perhaps nko to the lower 
limbs, the strength of the current being sufficient to produce contractioa 
when applied to the median uerre in the fold of the elbow. 

In the other event, a daUy application of the faradio brush ia made for 
eight to teu minutes, wiUi tolerably strong currents, to a very siioill part 
of the integument of the amesthetiu or parolyEed side. The upper Umb 
(external surface of the forearm) is preferable, because it appears to exert 
ft greater reflex influence on the brain than does the lower limb. 

Finally, In very many cases we resort to ^mptomatic treatment, i.e., a 
peripheral and direct treatment of the main disturbancea of fimutioQ 
(pantlysiH, contracture, anssthesia, aphasia, disorders of special ecnse, etc.) ; 
this IB done according to the methods which will be described in the sub- 
sequent lectures. A great many successes have been achieved in this 
manner, for which there are various explanations. In the first place we 
may assume reflex influences, which partly affect the vasomotor tracts and 
thus influence the lesion itself, partly the paral^.-ied motor paths and there 
exert an anti-paralytic action. It is also conceivable, as Brenner has pointed 
out, that various sutritive, molecular, or other disturbances are produced 
in the ])eripheral ports, either as the result of tlie brain leaion or from tha 
prolonged forced rest and inactivity of the paralyzed parts. 



^P 'We irill DOW briefly consider the electro-diagnosis of cerebral disoiwes. 
H^nny be stated as a genera) principle tiiat the rlectri^jl irrUahiliiy of the 
motor nfror« and miuictfii uaualli/ remaiiia entirely unchanged in cerebnd di»- 
ataen. egpeciatl'j in parali/xa. 

To this rule there ore a number of exceptions, though none of great 
practical importance. 

Blight increase of electrical excitability is found not iDfrequentlv in 
cerebrnl. especially apo])lectic paralyses, for a short time after their oc- 
ourrence, and also, it is said, when these paralyses ore associated with 
contracture. A similar condition is sometimes found in t^ertoiu spasmodic 
afTuctiuus which are possibly of cerebral origin, such ns chorea minor ; 
whether tetany is to be placed in this class is still doubtfid. 

Simple diminution of electrical excitability occurs sometimes in hemi- 
plegias acquired during childhood (after en cephalitis, hemorrhogie, etc.). 
in which the gronih of the bones and the nnlrition of the muscles remain 
defective. 

Pegenenitton reaction oocura when the cerebral nerves suffer a n 
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lesion at the base of the skull, or when the nuclei of the motor nerves are 
diseased, or finally, in very rare cases, when a descending seoondaxy de- 
generation of the pyramidal tract spreads to the anterior gray colonms of 
the cord, and thus produces degenerative atrophy in the domain of spinal 
nerve-tracts. In the very common cerebral paralyses after hemorrhage or 
embolism the electrical irritability ordinarily remains unchanged, often 
for years, and even delicate methods of examination fail to show the siigfai- 
est difference between the two sides. 



I will now give a short description of the treatment of individual fonna 
of disease. 

Among the functional disorders of the brain, I will discuss very few in 
this lecture ; the most important ones will be discussed in detail in sub- 
sequent lectures. Our attention will be directed mainly to cerebral neu- 
rasthenia the chief symptoms of which are : a sense of pressure in the 
head, dulness, insomnia, loss of desire and inability to work, hypochon- 
driacal and depressed mood, vasomotor disturbances, the various patho- 
logical conditions of anxiety, dyspepsia, palpitation of the heart, etc 

In galvanic treatment, very feeble, stabile currents should be passed 
longitudinally, transversely, and obliquely through the head ; perhaps, ac- 
cording to Loewenfeld, the An should be applied anteriorly when evi- 
dences of congestion are present, the Ca anteriorly in anaemia. It ia 
sometimes useful to apply the current in succession in both directions ; 
this can only be determined by making trial in each individual case. A 
strictly polar method may also be resorted to, one electrode being placed 
upon the vertex and the anterior part of the head, the other upon the feet 
(one to five minutes), or central galvanization according to Beard's method 
(page 118) may be employed. Finally, galvanization of the sympathetic 
and cer\'ical cord is decidedly useful in many cases. 

The most important feature of faradic treatment consists of mild fara- 
dization of the head by means of the " faradic hand " or a large head elec- 
trode, either longitudinally through the head (An anteriorly) or a unipolar 
application to the head, the other electrode being placed upon the feet. 
This is a transition to general faradization (page 116) which is of marked 
benefit in many cases. Rumpf also appears to have secured excellent re- 
sults in some of these forms of disease by means of the farado-cutaneous 
brush. 

You should begin in these cases with feeble currents and short sittings ; 
if well tolerated, more vigorous currents may be employed. The galvanic 
sittings should not last longer than one and a half to five minutes, the 
faradic from five to ten minutes, and from three to six times a week. The 
treatment must usually be continued for a long time. 

Insomnia, which is so important a feature to many patients, may be 
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treated in the anme mauuer ; the same methods mny be employed as wera -I 
described aliore in tUe ti'eatment of cerebral oeuraatbeoia. The resulta I 
are often Burprisuig {nde Observation 3). I 

Among the grosser anatomical changes in the brain, the circulator; dis< ■ 
turbancea are occaiiionally the subject of electrical treatment. The Btate> I 
ments of Lue^enfeld mny here serve as a guide : longitudinal couductioa. I 
of the galvanic current thi-ough the head, the An on the forehead in hy- n 
I>erremia, the Ca in this position Jn anicmia. You may also add suitable 
treatment of the cervical sjTnpathetic and spinal cord. The circulation 
within the skull may also be affecteil by a moderate fhnulJc current passed 
longitudinally through the head (Loewenfeld), or by a reflex action from J 
tbe integument by means of the fai'adic brush. I 

Cerebral hemorrh^e. however, is the moat frequent and perhaps the 4 
most important object of electrical treatment in this category. Tlie first 
question which arisea is, At what time after the occurrence of the hemor- 
rhage should treatment be begun? We will do well to disturb nature's 
process of healing ns little na possible and to await its deTclopmcut and . 
direction. In this disease, I begin electrical treatment about three or four | 
weeks after the occurrence of paralysis ; in very mild cases we may begin I 
f little earlier, in severe ones somewhat Inter. ' 

Ihe galvanic current oloue may be employed in the direct treatment 
I cerebral hemorrhages. The method of its application consista of lon- 
tndinal, tionsrerse, and oblique conduction through the head in the 

lusly described. It is customary to apply the An to tbe aid* ■ 
of the lesion ; the duration and frequoney of the individual applicationt I 

Culd be those ordinarily adopted. Bilateral gnlvaniaitiou of the sympa- I 
lie is then employed in the ordinary manner. I 

In old cases, especially when associated with contracture of the par- | 
:ed porta, it ts advisable to employ oblique conduction, because the \ 
entire motor paths ns far as the pjiamida are thus affected ; applications 
may be made also to the spinal cord, aa I ahall describe later. 

In addition, peripheral symptomatic treatment should scarcely ever be 
neglected. To relievo the paralysis resort to labile application of the Ca 
(Au in the neck) and repented cathodal closures, or to farudization of the 
pondyzed nerves luid muscles. Anoisthesia may be combated by the snine 
procedures or by the methods of Vnlpian and Rumpf. To reheve the con- J 
tractums, you may repeat the experiments of Remak. securing relaxation 1 
of the muscles by powerful stflbile currents or repeated interruption of the \ 
^^brrent or by Tery vigorous faradic currents ; or, according to Lauge, vig- 
^^Hbus faradization of tbe contmctured muscles, then passive stretcliing, 
^^^■kUon of the limb upon a splint in forced extension, and finally mild 
^^Hndizatiun of the more markedly paralyzed antagonists (the estcn- 

^^B The results of electrical treatment in cerebral bemorrbnge and ita se- 
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qiielrc OTG 80 rariable that acciimto stAtementB cnnuot be mode with 
regard to tliem ; ftt nil events, a trial is justified in almost all casca. 

Softening of the Lrain from thrombosis and embolism, anteiuic necrosia 
with its usunl results, from the apoplectic attack to hemiplegia 'with con- 
tractures, anicsthesin, aphasia, etc., should l>e treated iu the same manner 
as hemorrhagea — eo much the more because we are often unable to make 
n positive differential diagnosis between the two forma of apoplectic 
hemiplegia. 

The electro-therapeutic measures are, in general, similar in the other 
anatomical lesions of the brain, such as inflammation, degenerations, 
atrophy, sclerosis, hydrocephalus, etc 

Id the more diC^ise forms of disease (chronic meningitis, difiiise peri- 
encephalitis, multiple sclerosis, hydrocephalus, etc.) it is advisable to cm- 
ploy longitudinal or bilateral oblique conduction through the skull with 
very large electrodes (with varying direction of the current on account of 
the desired catalytic action) ; in addition, treatment of the sympathetic 
and the cervical spinal cord. You may also make trial of reflex influence 
from the integument, and also of general faradization and central galvan- 
ization. 

In distinctly localized diseases the applications naturally must corre- 
spond to the site of the lesion. 

You should not give up hope too readily in such cases. tJnespected 
improvement and recovery sometimes occur, even in severe organic dis- 
eases. I remember three cases iu which severe organic lesions were 
undoubtedly present (with choked disk, amaurosis, violent heodaclie, 
vomiting, partial paralysis and spasms, etc.), so that the diagnosis of 
tumor could be made almost with certainty, and in which, contrary to all 
expectation, persistent improvement and almost recovery occurred ; and 
Bitotber case of apparently hopeless, severe disease of the brain (and the 
meninges) with severe epileptic attacks, advanced dementia, general se- 
vere tremor, paresis of the limbs with muscular contractures and in- 
creased tendon reflexes, etc., in which a remarkable improvement in all 
respects was secured by a year's treatment (electrical and medicinal). 

I will now make a few remarks with regard to bulbar diseases. The 
most frequent form, viz., progressive bulbar paralysis (progressive muscohu' 
atrophy in the domain of the motor nuclei of the medulla oblongata), must 
be regarded as incurable ; the cures rejiorted by Benedikt refer to other 
forms of disease. But there are certain varieties of bulbar disease in 
which electricity often effects favorable, even brilliant results. I have pub- 
lished a number of cases of this kind [cUIp Observations IG and 17), and 
some of Benedikfs observations belong to this categoiy. 

The method of treatment — the direct treatment by means of the gol- 
Tonic current alone — consists of stabile, transverse conduction of tlti i 
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current through the mastoid processes (with varying direction of the 
current, as the disease is usually bilateral), or in longitudinal conduction 
from the forehead to the neck, or finally, oblique conduction. This is sup- 
plemented by galTanization of the sympathetic and the cervical spinal cord 
(ascending or descending currents, stabile and labile, tiirough the cervical 
vertebrae, from the upper dorsal vertebrae to the neck). In the majority 
of cases it is very useful to secure a series of movements of deglutition 
(10 to 20 at each sitting) in the manner previously described ; further- 
more, peripheral galvanization and faradization of the neuro-muscular 
tract specially involved in the paralysis and atrophy. 

The treatment of these bulbar affections generally requires feeble cur- 
rents, short sittings, and long continuance. 

In really incurable cerebral diseases you will rarely produce ameliora- 
tion by means of the electrical current, but you may always attempt, in 
the manner previously indicated, to alleviate individual symptoms, such as 
headache, insomnia, mental depression, or. ansesthesia and paralysis, eta 
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ELECTRO-THERAPEUTICS OF THE PSYCHOSE& 



LECTURE XVn. 



Introdnotion — InTestigations of Amdt and their Results — Short Resam6 of the Llteim- 
tnre — Available Effects of the Electrical Current — Rules and Methods of Electrical 
Treatment of Individual Forms of Psychoses — Treatment of Individual Symptomi. 

The electrical current, with its various therapeutical effects, appears 
destined to unfold a favorable curative influence upon the psjchoses^ espe- 
cially the initial forms or incipient stages, in which we have to deal mainly 
with functional disturbances or finer nutritive, molecular changes in the 
brain, or in which, with our present methods of examination, we can, at 
the most, demonstrate changes in the circulation. Even in those cases in 
which grosser anatomical lesions (chronic, inflammatory, and degenerative 
processes) constitute the basis of the psychosis, a favorable action of the 
electrical current cannot be absolutely excluded, if we may reason from 
analogy. 

Amdt is the only observer who has }>usied himself systematically and 
in detail with this subject, and he has arrived at the following conclusions 
with regard to the chief indications : 

** Only such psychical disorders as depend upon so-called functional 
disturbances, or on temporary anomalous nutritive processes, or on circu- 
latory derangements, can be cured by electrical currents ; they may also 
be useful in deeper-seated organic changes, if we seek amelioration 
merely." 

*' Electrical treatment is therefore specially adapted for fresh cases; 
rather for the milder, vague forms than for those which are characterized 
by violent symptoms." 

" GenenU and especially a marked psychical hyperaesthesia constitutes 
a contraindication to the employment of the electrical current." 

"The faradic current simply acts as a stimulating measure ; it acts 
successfully, especially in simple conditions of depression, whether they 
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^^Etn developed primarily or ns the result of previoua violent proceases. I 
It ia cmplojed almost excIoBivel; as cuianeous irritation of various por- I 
tiona of the skin ; occaaiounlly as Wodization of the phrenic nerves, in I 
order to etimulate the circulation and oxidation of the blood." \ 

" The galvanic current also possesses other effects (alt«rative, sedative, 
catalytic) ; its sedative nnd soporific action appears to be eapecially 
marked ; it is therefore available in almost all other psychoses which are 
open to galvanic treatment. The method employed, however, is by no , 
means Immaterial, and must often be determined empirically. If marked j 
conditions of irritation, especially in the domain of circulation and res- j 
piration, are present, the descending current should be employed ; ths I 
ascending current is chiefly resorted to in affections which indicate paraly- 1 
sis of the vosciUor system. The descending cun-ent, i.e., the polar action I 
of the An, therefore appears mainly indicated in the early stages of th« I 
psychones, the ascending current, i.^., the polar action of the Ca, in thfl .1 
terminal sLiges, especially of the more severe afl'ections," ^ 

" But the current should not be applied to the heail in the insane, but 
rather to the spinal cord (luid medulla oblongata), with its important vaso- 
motor, circulatory, and respiratory centres, and perhaps to the peri]>heral 
nerves (i( these present irritative conditions, neuralgia, etc.). Golvuniza- 
tiou of the head is not absolutely excluded, but is confined to those cases 
in which we desire temporary stimulation or sedation." (In bis later 
experiments Arndt resorted regularly to galvanization of the head.) 

" Success UBUtdly follows only after long-continued treatment ; thtt I 
strength of the cm-rent must be sufficient and the duration of the Bp[>U> I 
cation sufficiently prolonged (ten to thii-ty minutes)." J 

By means of ]>eriphoral faradization of the skin and muscles in various 4 
parts of the body Arndt cured several cases of conditions of simple d&- i 
^^BceaHion and marked apathy, in part in a remarkably short period, 
^^b With the chief or escluaive application of the galvanic current to the 
^^■rrical cord and the peripheral nerves, a few cases were cured which pro- 
^^bnted various psychical disturbances (conditions of depression and exol- 
tation), but which were characterized in common by various somatic condi- 
tions of irritation, increased sensitiveness, abnormal sensations, pupillary 
iDges, digestive disorders, constipation, and especially vasomotor dis- 
incea. The stabile action of the An was particularly useful in these 

In another series of cases which were favorably influenced Arndt also 
brought the head itself, in addition to the cerrical cord, aympathetic, 
pneumogastric, etc., under tlie influence of one pole (usually the An), while 
the other was placed at a distance (small of the back, thighs, luuida, feet). 
ThoBB were cases of vailing character — conditions of exaltation and 
dsprcsnon, feelings of severe fright, several cases of severe katatonia, 
1 psfchoses, reflex psychoses, etc. ; but almost all of which bod 
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developed upon a ceuropnthic aud psychopatMc basis, and in great 
part showed sj'mptoms of irritation and irritable weakness in the distri- 
butioD of the viiBomotor and circulatory norvee, the pueiimogastrits, lee- 
piratiou, the splauclmic and the genital nerves. As a rule, the action of 
the An upon the central nervous syaitm was the moat favorable ; but 
Amdt also observed some cases in which its action was injurious, while the 
Ca had the desired e£fect The choice of the method must theretore be 
modified, according to the occurrence or non-occurrence of a suocesaful 
result 

Franz Fischer saw a case of severe hypochondriacal melancholia, vitb 
vivid hallucinations of all the senses, reheved in a short time by galvaniza- 
tion (longitudinally and transversely through the head) ; this observer also 
Lad a veiy favorable result from general faradization in a case of melan- 
cholia, with forced ideas and severe vasomotor symptoms, which had ksled 
for years ; great temporary rehef followed the first sitting, became perma- 
nent after the fifteenth, and advanced to recovery. 

Engelhom also observed admirable results from the same method iu 
two cases of epileptic and hysterical insanity. 

In general paralysis of the insane very slight beneficial effects vera 
produced and these lasted but a short time. 



M 



Careful coneideration shows that the greatest weight must be at 
to the catalytic action of the galvanic current in the treatment of insanity 
by electricity. Nest in importance ore undoubtedly the vasomotor effects 
of electrical currents, especially of the galvanic ; it is a matter of experi- 
ence that vasomotor disturbances play a predominant part in the develop- 
ment and symptomatology of many psychoses. It seems to me that much 
less can be expected from the modifying action of the cuiTcnt, and I must 
regard as premature the view of Arndt that all the effects of the galvanic 
current must be attributed to an electro tonus or catelectrotonus of the cen- 
tral nervous system. We should be satisfied at present with facta, and 
should endeavor to multiply and sift these, instead of resorting to hypo- 
thetical explanations. Finally, that the stimulant action of electrical cur- 
rents may be utilized in psychiatry is proven with regard to the peripheral 
irritation of the cutaneous and muaculai- nerves, from which a modifying 
action upon the functions and circulation of the central organs may be 
expected. 

I have had too little experience in this vride and difficult field to bo 
able to furnish definite rules tor the electrical treatment of the psychoses j 
1 must therefore restrict myself to brief hints upon the subject. 

You should employ electricity mainly in recent and relatively mild 

oases, especially the more vague, not fully developed psychopathic condi- 

1, conditions of morbid fears, >vith sleeplessness, etc. The most suit- 
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able luetbod in auch cneee is simple longitudinal (or oblique) conjuotioa I 
througli the bead, and at the same time galTanization of the sympathetio, I 
perbnps o( the cerrical cord. 

If Buch cases are associated with profound ttnivmia, general debility, I 
impaired digestion, etc., it ia justifiable to try general faradization, per- 1 
haps alternating vrith the galTauic troatment. 

In seyere, fully developed cases, in profound melancbolio, in stupor andl 
allied conditionB, katatonis, byatericol and reflei psychoaes, etc., you may I 
employ a sufficiently energetic unipolar action of the galvanio current 1 
upon the bead, neck, sympathetic, etc., the indi£[erent i)ole being appUed I 
to the head and abdomen ; the intensity and duration of the current 
should be gradually but cautiously increased. The choice of the actiTe 
electrode isill depend jiarticularly upon the quality of the somatic (esi)e- 
cially the vasomotor, circulatory, and respiratorj') disturbances present 
and tlie direction — exaltation or depression — of the psychical anomalies ; ' 
in marked irritative conditions uso the An ; on the other hand, the Ca ' 
should be employed in depressed and torpid conditions, in symptoms of 
vasomotor weakness and panUysia. But do not forget that everything de- 
pends upon actual ei;i)eriment, and that sometimes that polo is effective 
which is opposed to your theoretical considerations. 

It the methods described do not prove successful, others may bo re- i 
sorted to. In conditions of 8tn[>or and in simple depression tbe faradio 
current is also suitable iu the form of eloctro-cutaneous irritation of vari- 
ous parts, or, better still, in the form of general faradization. 

In periodic melancholy galvanization of the head should be employed 
during the intervals of tlie attacks, perhaps also the continuous applies 
lion of a simple gidvauic element to the head (page 120), in order to prcv j 
long tbe duration of the interval if ]>o3sible. In dementia paralytica very ' 
little can be attained by electrical treatment 

In conditions of profound excitement, such as acute mania, etc, eleo* 
tricol treatment should not be employed. It is also contraindicated io 
general nervous byperieHthesin, and especially in psychical hyporffitttheaio, 
when the more attempt at electrical treatment throws the patient into K 
state of great anxiety and excitement. 

In many insane patients you may direct special attention to tbe treat- 
ment of individual symptoms of the psychosis. Tlius, for example, in- 
somnia, which may be treated according to tlie methods above doscrilwd 
(page 152) ; furthermore, hallucinations, especially of hearing, tbe treat- 
ment of which will be describetl at a later period 

Morbid fears are sometimes relieved by faradization or galvanization of 
Uia epigastric and pneoordial regions. 
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LECTUKE XVm. 

Intaroduotion — PhyBiological and Theoretical Basis for the Electro-therapeatica of the 
Spinal Cord — Therapeatical Data; Selected Cases — Conclasions therefrom— 
Therapeutic Failures— Forms of Spinal Disease in which Electro-therapeutic 
Success may be Expected — Methods and Technique of Electro- therapeutics of 
the Spinal Cord — Direct Treatment : Action of the Poles and the Direction of the 
Current — Methods of Application in Circumscribed and Longitudinal Diseases- 
Indirect Treatment : From the Sympathetic ; Combined 'treatment of the 
Sympathetic — Eeflex from the Integument— Diplegic Irritation— Treatment ol 
Points of Pressure and Points Doloureux — Symptomatic Treatments 

In the electro-therapeutics of diseases of the spinal cord we stand upon 
a somewhat firmer basis than in that of cerebral diseases. The number 
of positive successful cases is so great that the electrical current has se- 
cured an assured and prominent place in the treatment of chronic diseases 
of the spinal cord. And the entire electro therajjeutics depends, in the 
main, upon clinical and therapeutical experience. 

Our physiological data with regard to the effects of electricity upon 
the spinal cord are extremely scanty, as is evident from the remarks made 
in a previous lecture (page 64). 

But our general knowledge of the action of electrical currents, numer- 
ous therapeutical experiences concerning the peripheral nerves and other 
parts of the body, justified us in the same manner as it did in diseases of 
the brain (Lecture XVI.) in expecting an entire series of definite curative 
effects upon the diseased cord, although we possess much fewer experi- 
mental data than we do with regard to the brain. 

Thus, in not a few cases, we might expect from the catalytic action of 
the current a favorable influence upon minute and gross nutritive disturb- 
ances, upon the various forms of inflammation and their sequelce, the 
clironic degenerative processes, the so-called functional diseases of the 
spinal cord and the like. No less available do the vasomotor actions of 
electrical currents appear to be in circulatory derangements and for the 
purpose of relie^'ing nutritive disturbances, etc , and so much the more, 
since recent experiment sindicate with increasing certainty that the cir- 
culation of the organ may be affected indirectly (less by means of vaso- 
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^^■Kttor paths and the sjmpathelic than in a reflex manner from the abin), | 
Finally, the currents mayesei-oiseatiniulatingand modifying aetiona upon I 
ihii cord in certain morbid conditions (particularly in functional disturb- I 
uices, conditions of irritation or debility, certain forms of Bpasm, func- 1 
tionol poralysia). 

But all these a priori considerationfl were idle speculation eo long aa 
they were not confirmed by practical experience. | 

The following collection of cases (the number of which might hare 
been much increased) affords proof of such confirmation. 

18. Observation by ffiiriy. (Mi/ela-) Meningitis npinalis eubacuia. — A sol- 
dier, aged twenty-three yeara. March, 1865, fell from his horse ; constant 
pain in the back thereedter. May, 18ti5, pleurisy and a gastric afiection 
(Ulcor ?). From July, 1865, more aerioua complaints : pain in the hack, ex- 
«entric pains in the limbs, general bj'peresstbesia of the integument ; for- 
mication and feeling of numbness in Uie legs ; partial and general muscular 
twitching ; diminished motor power ; incontinence of urine. Later, great 
imcertaiDty of movements, especially in the dark ; can only walk whan 
bent oter, on account of pains iu the back ; poor sleep. iStatus, January, i 
ltAl6: great feeblenessof themovements; stands bentover; tottoraduriu^ I 
closure of the eyes. Pupils normal. Sensibihty markedly disturlied ; 
diminution of tactile sensation, with marked hypencsthesia ; great tender- 
ness of the spine on pressure. Previous treatment (nitrate of silver, 
ifxlino, CJ>UDter-irritation) unavailing. Galvanic treatment with descend- 
ing stabile currenw through the spine. After eight sittings. <]uiet sleep 
for seven hours, almost no spontaneous pains, feeling of relief in the legs. 
During further treatment it was shown that galvanization of the sympa- 
thetic acts especially favorably upon the general condition. Later, the 
cniral nervea were treated with the descending current. After six weeks' 
treAtment no more nervous symptoms demonstrable, beyond moderate 
pain on pressui-e over several intervertebral spaces. 

The patient then had a very arduous service for nino months, and 
then, in consequence of over-exertion and exposure, had a relapse with very 
Rkorked and severe symptoms, from which he was almost entirely relieved 
in the course of two or three months by similar galvanic treatment. 

19. /Vnwna/ ofeser lint ion. Chronic ffiiniU men%ngilie(T): i-oiignnUono/'lhii 
cord {f). —A. bov. aged fifteen years, in February, 1870, had •' indammation 
of the brain " (headache, dizziness, vomiting, long-continued unconscious- 
nesa). Since then a great deal of headache ; not so well as formerly. 
Since Augiiat, 1870, considerable pain in the small of the back and in 
the left aide : since the end of December, 1870, great weakness in tha . 
legs, with a feeling of formication and coldness ; upper extremities 
RormoL Sleep disturbed; occasionally vertigo. Status January 20, ' 
1871 : sevend lumbar vertebne tender on pressure ; movements of the 
lower limbs performed with sufficient vigor, but patient ia easily tired : 
dona not totter on closing the eyes. SenaibUity normal ; reflexes Dot 
iDcrn.'UM]. Sight poor, on account of bilateral leiicoma. Hearing normal ; 
KMoe tinnitus aurium (bilateral simple hypeni-sthesia of the acoustic 
norveat. Galvanic treatment : Vi elements Sloehror ascending from the 
back to tJie cervical sympathetic. 16 elements ascending through the spine, 
^be Ca being moTsd slowly up and down. 
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February 12, 1871. — Remarkable improvement. Headache and tinni- 
tus aurium have entii-ely disappeared ; no paiu in the back ; no parxs- 
tbeaia or weakness of the legs. 

February 18.^ — Discharged cured. Abnormal acoustic reaction con- 
tinue a. 

20. Personal obnercaUon. Spinal concussfion {meningeal apoplexy f). — A 
laborer, aged filty-five years, i'our weeks ago fell from a tree upon bis 
feet and buttocks ; was immediately paralyzed in the legs ; violent diffuse 
pains in the legs and back. The legs remained paralyzed about a week. 
then motion gradually returned, so that he con now walk a little. An.'vsthe- 
sia never present. Micturition normal. Pains gradually disappeared. 
Status ; distinct weakness of the legs, slow gait, dragging of the feet, no 
ataxia. Can with difficulty stand upon his toes or upon ono foot. Sensi- 
bility normal ; cutaneous and t«ndon reflexes retained ; no distinct alro 
phy ; electrical excitability suuply diminished ; sphincters and upper 
extremities normal. Treatment : galvanization of the spine and leg* 
Striking result ; after a few sittings the patient can walk well, and is 
discharged cured after twenty-two doily sittings. 

21. OOgeroalion by Lewin. Complele paraplegia (from actife myelitist); 
recovery bit the use of gal\xini»m. A woman, aged thirty-five yeare, not hys- 
terioHl ; sick about three weeks ; fever, weakness, and numbness of both 
legs, slight shooting pains ; at the end of a week, sudden complete paralysiB 
of the lower limbs, violent lancinating pains, girdle feeling, paralysis of the 
sphincters. Reflexes normal; sensibility not mai-kedly aflecteil. Treat 
ment with stabile descending currents. After five days, pains disappeared ; 
the left leg can be raised somewhat. Tlie paralysis of the sphincters dis- 
appeared in two weeks. At the end of a month, the patient can raise both 
logs and stand a few minutes ; tlie fever has ceased. At the end of sevoi 
weeks, the patient walks freely around the room, though with a somenbal 
dragging gait. 

22. P&rsonal (Aservalion. Ti'avmatic paraph.'jia. — Asoldier, agedtwen^- 
three years, received a bullet-wound in the cervical vertebrse at the batUe 
ef Worth, August 6, 1870. Immediately afterward, complete paralysis and 
tnassthesia of the lower limbs, and as high up as the thoi-as ; retention o( 
urine, later incontinence, which disappeared at the end of four weeks. 
Motion and sensation gradually improved, especially in the left leg. Status 
on October 20, 1870 : the spinous processes of the sixth and seventh cerri- 
eal vertebra; tender on pressure ; sensibility quite restored ; movements can 
be effected with the left leg, but with Uttle power and certainty ; the right 
leg still very paietio ; frequent clonic movements of the legs, especially 
the right (ankle-clonus). Bowels and bladder normal. Electrical ezcit&- 
bility well preserved in the lower limbs. Galvanic treatment : stabile cur- 
rents through the spine, special attention being paid to the injured pnria ; 
then the An in the neck and Ca labile along the nerves of the legs, la- 
provement now progresses very rapidly ; .after the seventh silting the 
patient can stand a little on the left leg, and move the right leg more 
freely. After the tenth sitting he can walk nround his btd ; after the 
twelfth he can stand securely and walks a fevr paces ; after the ^iteenth 
he walks to the place of treatment, being aided merely by a caue. After 
the fortieth sitting he walks' very well with a cane, the right leg being stiD 
dragged a little. 

23. 06HTivi(ioJi by Seeligmueller. Mijelopalhy, labes doraalix (f). — A 
mason, aged forty-two years. Two years ago had a second attack of " psr- 
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|)<rmB," which still continues. Ciait uncertain and tottering ; walks nilli the 
nidofacane; dragatheleftleg, weakueaaoftherightarm ; violent tottering 
upon cloaitre of the eyes. Pain in neck and small of bock ; panesttiesia of 
bands and feet ; cincture feeling ; aneeathesia of hands and autesthetic zone 
in neck from the spine of scapula lo the vertex. Impotence ; weakness of 
bladder ; constipation. Galvanic treatment : 10 elements descending 
through the spine, ten minutes every day. Wonderful efl'ect after the 
first sitting ; pain Ices, sensibility improved ; for the first time in a long 
period patient walks across the street without a cane. After the fifth sit- 
ting, the gait evidently improved, tired feeling disappeared ; sleeps well ; 
sensibility almost normal. After fourteen sittings patient discharged 
cured ; after eighteen months improvement still continues. 

M. Obtervalion by von Krafft-Ebing. Tabes donalis. — A butcher, 
twenty-sis years old. ^ick for a year ; parsesthesia of the legs, with weak- 
ness and increasing uncerEainity of gait ; lancinating, boring pains in the 
lower limbs ; uncertoinity in the dork in going up stairs and tui-ning 
around, aax only walk with the aid of a cane. Bladder and rectum nornuiL 
Patient presents marked atasiia of the lower limbs ; gross power retained ; 
can only walk for about five minutes with the aid of a cane. Totters violently 
when the eyes are closed ; circumscribed aniesthesia, chiefly in the right 
calf and foot. Galvanic treatment : stabile current along the spine a few 
minntes every day, with labile stimulation of the peroneal nenc Distinct 
improvement after the fourth sitting. At the end of five weeks the treat- 
ment had to be discontinued ; improvement very marked ; sensory dis- 
turbances entirely disappeared, no tottering upon closure of the eyes; 
power and endurance of the legs have returned, the patient can walk one 
or two hours and follow his trade. 

2R. Personal obnervation. Tabeg dorsalis. — A tailor, aged thirty three 
years. Previously had chancre ; for past eight yeare typical lancinating 
puns, irritable weakness of the genital organs, tremor of tlie legs ; for 
past three years, weakness of the legs, uncertain and jerky gait ; parrosthe- 
sim Rapidly grew worse three or four months ago. Status : marked 
ataiia of the legs ; cannot stand alone ; gross strength somewhat dimio- 
iabed. Cutaneous sensibility of legs greatly lowered ; marked slowness of 
conduction of pain, with persistence of the sensation. Uuscular sensibilitj 
greatly diuimisbed ; falls upon closure of the eyea Cutaneous reflexes 
altsent. Weakness of the bladder ; impotence. Upper limbs, brain, and 
cerebral nerves normal. Galvanic treatment : 12 elements ascending from 
spine to sympathetic with changing position of anode ; 18 elements as- 
cending through the spine daily, with changing position of cathode ; on 
alternate days, descending Ca labile through the nerves of the legs (nitrste 
of silver at the some time). At the end of a week patient feels eoi^ier 
and boa greater certiunty of gait. At the end of a month gait further 
improved, the lancinating pains much slighter ; in a month and a half 
be wolks alone with the aid of a caue. At the end of two months hfi 
out walk alone up and down stairs, and sensibility has improved objeo- 
lively. Improvement continues for three months, when treatment was in- 
terrupted. Recovery progressed for six months, but was by no means 
eomplete. Patient walks alone without a cane, rapidly but still atoxic ; 
~l stAod with feet in apposition; shght sensory disturbances present 

tdon reflexes still absent. 

■ iVrsoKo/ oliivrixition. Beginmnri locomotor ataxia {?) : atrophij nf tlie 

ie nerve*. — A woman i^eil thirty-seven years. Gradually increasing in»- 
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pnirmentof vision duriDg the past few months; shooting patna ; fonuication 
of the legs ; rapidly grows tired on standing and wolkiug. Sphincters nor- 
lutU. Status, January, 1874 : niai'kod amblyopia, color-blind to red, dimin- 
ished field of vision ; ophthalmoscope shows atrophy of optic nerves. Legs 
weak, gait tottering, slight dragging of right foot ; stands readily on left 
foot, with difficulty on the right. Ho tottering upon closing the eyes. Local 
uuesthesia on dorsum of right foot and Uie toes, sensibility otherwise 
oormal. Upper limbs, brain, etc., normal. Simple diminution of electrical 
excitability in the peroneal nerres. Galvanic treatment : 14 clementa 
from the spine to the sympathetic on both aides ; IS elements ascending 
stabile and labile through the vertebral column ; 8 elemeute stsbile from 
the neck to the dosed eyelids. Cousidei-able improvement after eight 
sittings ; pains much less, sensibility distinctly improved, patient walks 
much more securely. Marked iiuiirovement after thjity sittings ; patient 
can walk up two flights of stairs without difficulty, wulks more rapidly and 
securely ; pains and formication have disappeared : no sensory dbtuib- 
Uice demonstrable objectively ; eyesight somewhat better. After the 
forty-fifth sitting (June, 1874) continued improvement; walks and goes 
up stairs quite well ; no pain or Jiumbness in the legs. Sensibility objec- 
tively normal, eyesight slowly improving; ophthalmoscopic appearanccB 
the same. 

27. Ob.'wrvation by M. Meypr. Lacomotor ataxia ; Irealmevt of pain/vl 
ymnlis on the npiiie. — A lithographer, aged forty-one years. SutTera fmni 
ataxia, cannot walk or stand without help ; paresis of the bladder and rec- 
tum ; pOTEcsthesia and poor power of localization in legs and soles of feet ; 
disturbed sensation in the ulnar nerves ; lancinating pains in the legs and 
pain on pressure upon the fourth to sixth dorsal vertebric. Galvanic treat- 
ment of painful points with stabile An enabled patient, aft^r four to tire 
weeks, to walk for hours. Two years Inter, a relapse occurred in couse- 
qnence of exposure ; favorable effect of similar treatment, though not eo 
rapid or complete ; some symptoms remained, but patient recovei'cd com- 
plete motor power. 

28. Observation by Ihissen, Locomotor ataxia ; trealmeitt of a paivful 
poinL — A man, aged fifty-two years. Suffeiingfor six years from lancinat- 
mg pains ; increasing ataxia ; gait ver>' uncertain, falls on closing eyea; 
ontesthesia of soles of feet. Tenderness on pressure over the first lumbar 
vertebra. Treatment : application of An to this vertebra, the Ca on the 
right and left ilia alternately. After fifth sitting tottering on closure of 
t^es scarcely noticeable ; aoiesthesia of soles of feet disappeared ; patient 
walks long distances without feeling tired ; considers himself well aod dt»- 
continues treatment. 

29. ObnerixUion by Brenner. Tabes dorsalis ; treatment fifjiaiiifulpomiii on 
if&ej^ine.— A laborer, aged forty-two yeara. Marked tabes for past year; 
bod syphilis, diplopia, lancinating pains, weakness of bladder, etc., fol- 
lowed by distinct ataxia, analgesia, absence of tendon reflexes, etc. Cinc- 
ture feeliug well marked in two places, one around the thorax, the other 
around abdomen. Galvanic examination with the Ca reveals very painful 
spot from second to fifth dorsal vertebrte and another from first to third 
lumbar vetebr.'e. After treatment for two weeks with the stabile An, the 
upper painful spot disai)penred and with it the girdle feeling oxound the 
thorax ; after three weelis' further treatment lower painful point is consid- 
erably improved. Great improvement in remaining symptoms. (Patient 
alao treated peripherally with the &radic current} 
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30. Obaeruation by M. Meyer. Affeftion of tpinal cord (tabett); 
tfealntent toUh the faradic brush. — ProfeBsional Enan, ttged fifty-four ye&ro ; 
suffering for many yetu's from weakness of limbs, penodia 'violent head' 
ache, pains in back and limbs ; nutubneea of the \%gi and bladder trouble 
began t]Uit« suddenly. I'atient cannot iitaud well uor walk n-itbout assist- 
ance ; totters on clo»iDg tbe eyea ; cincture feeling ; partial auajstbesia of 
limbs, incontinence of urine. Treatment : faradia bruali to tbe limbs witb 
a distinctly perceptible current. After twenty sittings, pntient can ngain 
walk long distances, use the bands in wrUing ; paina much slighter. Im- 
provement continued for several years. 

31. Ol)seri>al\on by liiinipf. Taben dorsalin ; Ireatmeiit mith Ihe faradic 
bnuh. — A laborer, aged forty years ; no e,\'pliilis. Had lancinating pains 
tor eleven years, with iucreasing diminution of power ; u violent gustrio 
ftSbction (gastric crisis?) was followed by great weakness of legs, abnormal 
geoaations in feet and luuidii, girdle feeling, weakness of bladder ; finally, 
patient could only wnlk a short distance with the aid of a cone. Examin- 
ation showed ataxia of upper and lower limbs, with retained motor power ; 
analgesia of entire body, diminution of tactile and temperature sensation, 
absence of tendon reSexea. Kobertson pupil not present. 

Treatment with the faroilic brush : An to tbe sternum, brush to the 
bock and limbs, for ten minutes every other day. At the end of a month, 
marked improvement in every respect, merely uncertainty in walking and 
tired feeling pi'esent. Faradic brush now alternated witb galvanization 
of the spine, and five weeks later, pntient discharged as well and able to 
work. Tendon and plantar reflexes still absent. At the end of a year 
improvement had continued. 

32. Peramtal obnervaiion. Spanlic ^inal paralysis {chronic donvil my&- 
't^u/).->^A woman, aged thirty yenra. Sick for five years ; weakness of tba 
legs, with feeling of numbness and coldness ; gradually growing wortte ; 
lately weakness of arms ; complet« inability to stand and walk for past six 
months. Sphincters normal. Status: lower limbs very paretic, legs stiff; 
OD passive motion, very violent muscular contractures ; increased tendon 
reflexes (ankle-clonus). Sensibility scarcely disttu-bed ; cutaneous re- 
flexes somewhat increased. Galvanic treatment of spine, including the 
^mpatbetic: surprising result; marked improvement at end of five 
weeks ; legs much stronger, muscular spasms almost disappeared. Gait 
still owkward and stiff Two months lat*r motion mucb better, though 
not entirely normal ; patient still feels very weak, but can walk alone and 
go np the stairs Slight muscular spasms and foot clonus still preeenl 
Patient diachorgml. 

33. Pcrtoiud obfteri-alion. Siibtuvte anterior jyolio-mj/elitie. — A man, 
aged forty-seven yeoi-a. Tired feeling in lega for a long time ; token sick 
in the beginning of October, 1878, with slight fever and feeling of heavi- 
ness and pains in lower liml>s ; next day, great weakness, so Uist 
he waa compelled to walk very slowly ; the following day he fell while 
walking, and in a week had complete paralysis of the legs, which only 
lasted a week, when a few movements gradually returned. No panra- 
bhaaia or disturbance of sensibility ; bladder uormaL Slight numbness 
in the hands and pain in tlie arms. Status at end of November 18W : 
head ami upper extremities normal ; slight depression of first intercostal 
spaee. Lower extremities : marked paresis in distribntion of both crural 
nerves : ulductora paretic, also muscles in distribution of tibialis ; eensi- 
bttitj normal Cutaneous reflexea retained ; tendon r«dex«s absent The 
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paretic miiacles more or less atrophieiS and very tender on presenre. 
Complete or partial DeR in all the inuscIeB of the lower liraba. Galvanic 
treatment: 20 elements asceoding and descending through the spine, 
especially over the lumbar enlargement ; 34 to 26 elements Ca la- 
bile with change of polarity in the nerves and musctea of the legs. 
At the end of ten days patient walks around the room, feela stronger ; 
the musi'les are firmer and not so tender on pressure. Treatment 
continued, with intermission of a mouth, until February 6, 1879, when 
patient is discharged almost cured. Motor power excellent ; De B only 
noticeable iu distribution of peroneals ; tendon refiexes still abeeot. I^ter, 
complete recovery. 

34. Personal observation. Chronic anterior poliomyelitis. — An engineer, 
aged thirty-six years. Taken sick in February, 1877, with pains in the left 
arm, with diminution of power and atrophy. End of August, similar 
Bymptoms in left lower limb, then in the right ; sphincters normal. 
Status {end of November, 1877) : marked paresis of both legs, no atasiaor 
sensory disorder. Muscles vei^ tender on pressure. Cutaneous reflexes 
feeble : tendon reflexes very ^-igorous. Trunk and right upper Umb 
normal ; left upper limb paretic and atrophied, sensibility normid. Par- 
tial DeB present. Treatment : stnbile galvanic current to spinal column. 
DistJDct improvement after three sittings. The improvement continues, 
the De B gi'adually disappears, the muscles grow hrmer and larger, and 
at the end of March, 1S78, the patient may be regarded as almost cured. 

35, Personal ub$er\xtlion. Profjresmue miixcular atrojihi/. — A brewer, 
aged tiventy-six years. In winter of 1872-3, noticed slight weakneas 
of right hand, with formication and occasional twitchings in small muscles 
of the hand ; slight weakness of right shoulder ; gradual depression of 
interosseous spaces of right hand. During last year and a half, sim- 
ilar condition of left hand. Recently, a certain weakness of the legs. 
Status (May 1, 1879) : slight main en griffe on right side ; marked 
atrophy of lower third of right forearm, with numerous fibrillary contrac- 
tioDS ; arm muscles feeble with fibnllary contractions. Left upper limb 
presents same appearances to less extent Dynamometer, right IS"', left 19°. 
Senaation normal. Nothing abnormal in the legs : partial ati-ophy of 
some of dorsal rausclea. Partinl DeB in the markedly atrophic muscles 
of the hand. Galvanic treatment : galvanization of the sympathetic ; thai 
An stabile to lumbar and cervical enlargements, followed by Ca in same 
position. Then An in neck, Ca labile through the nerves and miiedes of 
upper limbs, especially in forearm and hand. June 7th (after twenty-aix 
sittinRH), decided improvement ; dynamometer .right 19", left 33° ; arms 
evidently stronger ; con do more with his hands. 

The fact should not be concealed that the electro- therapeutics of dis- 
eases of the spinal cord presents an extraordinarily large number of fail- 
' ures, indeed, much Inrger than the successes. This is to bo expected, 
however, from the nature of the diseases in question. 

The observations related above teach ua that a favorable effect may be 
produced in simple functional disorders (neurasthenia, spinal irritation, 
ooncusaion of the cord, perhaps also in acute ascending pamlysis, etc) ; 
also in circulatory disorders (hypenrmio, anremin, increased transudation) ; 
finally, a &T0rable effect may be expected in all kinds of nutritive disturb- 
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ances aa<j grosser anatomical cliaiigos (as in the aequelEB o( acute meaiii' 
gitia tuid luyolitia, in the chronic forms of these imflutamatiODa, in 
oompresaion -myelitis, eclerosis, gray degeneration, ati-ophy, etc.). 

We must confess, however, that there is an entire series of morbid 
processes in whinh we can hope for nothing from electro-tbempeutica, for 
example, in old, far'advanced, chronic iuflammatoj^ and degenerutira 
changes, in severe contu^iuus and hemorrhages with their sequelfc, oeo* 
plasms, formation of cavities, etc. 

Various methods are employed in order to attain therapeutic reaolti. 
The epiuol cord may be treated either directly or indirectly. 

In the former method, the galvanio current is employed almost exclu- 
sively, since in the mnjority of cases we require its Tasomotor and catalytio 
actioua. Indeed, the faradio current has, for a long time, played a very 
subordinate poi-t in the treatment of chronic diseases of the epind cord. 

The most important and indispensable condition is that the current bg 
ftUowed to act ujmn the diseased part with suffieient strength, intensity, 
and duration. 

The influence of the individual poles is still undecided ; they are prob- 
ably equal with regard to the catalytic and vasomotor effects, while they 
vary with regard to the stimulating and especially the modifying effects. 
The choice of the poles must therefore be made according to general prin- 
ciples, but should nevertheless be conti-olled by therapeutical experiment 
iu each iutUvidual case. 

Still less do we know with regard to the influence ol one or the other di 
recUoQ of the current, though most electro-therapeutists incline to the view 
that one or the other direction is preferable in the treatment of certain forma 
of disease. Thus, I prefer the ascending current in conditions of spinal 
debility, chronic degenerative processes, etc., and the descending current 
in irritative conditions ; fi-equently both directions may be employed ol- 
tamately, in order to intensi^r the action upon the cord. 

Taking these principles into consideration, the method of application 
In individual coiies follows of itself ; the chief requisite is that the current 
pass through the cord with the greatest iuteusity possible, and you there- 
fore need large electrodes, removed as far as possible from one another 
[ouic Lecture IV., page 30). I generally employ my " large " electi-odes, in 
very stout persons my " ver>- large " ones. The apphoation should be mads 
W)th the entire surface of the electrode ; if the spinous processes are very 
prominent the electrodes should be apphed to each side, the one to the 
right, the other to the left. 

The special method of application depends upon the anatomical condi- 
tioua of the individual case, and we may here make a distinction between 
longitudinal diseases of the spinal cord (funicular degenerations, etc.) and 
circumscribed diseases (transverse myelitis, infantile parolysea, spinal 
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In the latter it is advisable to cover the entire site of the disease with 
one pole and to appi; the otiier immediately opposite upon the anterior 
Burtace of the tnmk, bo that the morbid process is situated in the line of 
oonnection between the two electrodes. If you think that a purely trsns- 
veree conduction of this kind is not sufficiently eSective, phice one electrode 
over the morbid process and the other as far as possible above or below it 
upon the spinal eolumn ; or under certain e ire ara stances place the elec- 
trodes a little above and below the site of disease, as I have often done in 
compression-myelitis wi^i prominent kyphosis. 

In longitudinal diseases (tabes, sclei'osis of the pyramidal track, multi- 
ple sclerosis, etc.) it is bettor to apply both electrodes to the spine, one in 
the neck, the other in the lumbar region. A stabile action is usually de- 
sirable, but the points of application must be changed suceeasively in order 
to bring the entire diseased part under the influence of the current of 
greatest density. This is done by fising one pole and traversing the en- 
tire length of the spine with the other, and then reversing the prooe^ 
This can also be done by fixing one pole upon the anterior surface of tie 
trunk and successively traversing with the otlier pole the entire length of 
the spine. 

At present the indications with regard to the choice of poles are veiy 
indefinite ; the anode is generally preferred when sj-mptoms of irritatiiMi 
{Hredoniinate, in recent active morbid processes, in very irritable and sen- 
sitive individuals ; the catliode, on the other hand, when symptoms of de- 
bility and paralysis predominate, in old, torpid morbid processes (gray de- 
generation, sclerosis, eto,). When a catalytic action ia especially required, 
it is best to employ both jwles in succession. 

Greitt caution is requisite, in the beginning, with regard to the infensit; 
of the current and the duration of the applications. Only weak onrrenld 
should be employed and the duration of the individiial applications shonld 
not, at first, exceed one to two minutes, so that the entire sitting will last 
four to eight minutes. If the current is well tolerated, you may gradually 
increase ifa intensity and duration. 

In the indirect treatment of the spinal cord the chief consideration mnrt 
be bestowed upon the so-called indirect catalysis of Remak, i.e., the actioo 
upon those vasomotor (and trophic) nerve-paths which have a determining 
influence upon the circulation aii<l nutrition of the organ. For thta pur- 
pose, treatment of the cerviciil sympathetic has hitherto been resorted to, 
with what justice it ia difficult to say. However, experience seems to 
teach that treatment of the sympathetic ia not devoid of benefit in certain 
ftffeotions of the spinal cord ; this ia, perhaps, especially true wlien the pro- 
cess eitends into the cervical portion, and the pupils, certain cerebral 
nerves, and the brain itself are aflected, I have, therefore, often employsd 
a metliod of application to the spinal cord which influences, at the same 
time, the cervical sympathetic ; the Ca (medium electrode) is placed OHt 
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S-Bpper cervical ganglion of one side, the " large" An upoo the opposite 
aide of the vertebral colamn, immediately adjacent to the epinoue processes, 
at &rst stabile upon the lower cervical and upper dorsal vertebrte then 
gradually moving downward and remaining a little while at each place ', 
tlita method is tLen repeated upon the other side, one to one and one-half 
minute sufficing for each side. I then usually apply the Ca sUbile upon 
the spinal column, successively changing the point of application while the 
An is held upon the lower lumbar vertebne (one to one and one-half 
miuut«;. 

Another method of indirectly affecting tlie spinal cord is by reflex ir- 
ritation from. the integument by stimulating the sensory nerves of tlie skin. 
This may be done either by means of " general farodizatioo " or by the ap- 
plication of the furadic brush to a large pai't of the integument of the 
trunk anil limbs. 

Finally, the treatment of certain painful points should not be neglected. 
I have discussed tliis method sufficiently in the general ptirt (Lecture 
Xn., page 110). Whenever painful points (either upon pressure or exam- 
ination with the Ca) are dJscovei-ed, we should not fail to moke them the 
■tortiug- point of therapeutical experiments. 

In addition, nn entire series of symptoms of spinal diseases may be 
made the subject of electro- therapeutical meosui-ea. These symptoms lu- 
dudo p.'Ufesthcsiffi, antesthesi:).', neuralgias, paralysis, spasms, contrac- 
tnres, weakness of the bladder and rectum, spermatorrhea, impotence, etc 
The special methods employed in combating these symptoms will be oou- 
sidered in subsequent lectures. However, this ftyniptomatio treatment 
may only be regarded as ou aid to the direct treatment of the spinal cord. 



LECTURE XIX. 

TreBtnieiit of Individual Formi of Spinal Disease— Eleetro-diagnostio Preliminoir B»- 
marks — 1. Spinal Heningi 118^-2. HeDingeal Apoplexy — 3. Functional DiwaaMOt 
die Cord 1 CoQcnsiion, Spinal Irrltaticm, SpinsJ Nearaathenin — I. Hemoirhagta into 
the Spinal Cord : Severe Traamatio LeeioiiB — 5. Mjeiitis ; Haltiple Scloioa*— 
(I. Tabea Dorunlis ; Direct Gal vuiiic Treatment ; Tieatinentot thn Painful PmsUi 
Farado-cutaneoni Bnub— T. Sp.ittio Spinal Paralysis— !i. Acata Anterior PoUoBtja- 
liCis ; Rlectricol Examination ; Electrical Jletbods of Treatment — 0. Subacute And 
CbronicAnteriorPolioinyelitis— 10. PrD^essite Muscular Airophy; Condition of tba 
Electrical Irritability; "JaTenile" Form ; Melhod of Treatment t ArayotropUc 
Lateral Solerooli — II. Acute Aacending Faralysia — 13. Secondary Degenetatiom. 

I WILL now give a brief sketch of the 

Treatment of LniivnirAL Forms of Spinal Diseabk 



With regard to electro-diagnosis I will premise that all possible change* 
of electrical irritabihty luay occur in diseases of the spinal cord. They de- 
pend almost eutirelj upon the implicatiou of the gray matter in the lesion ; 
if the latter is alTected and seriously injured, the De Ji, either partial or 
uomplete, will appear in tlio ii euro-muscular tracts supplied by it. If the 
gray matter of the anterior columns is not affected, no qualitative cbangM 
will develop, at least no De B ; wo may then observe various ginkdes of simple 
diminution, more rarely an increase of electrical irritabihty. In such 
cases the diminution is caused chiefly by the forced inaction of the mo- 
tor apparatus, in part by the dii'ect influence of the disease. In isolated 
cases, qualitative anomalies of irritability have been observed in indiridtul 
motor nerve-trunks {vide page 91). 

1. filial meningitis only forms tlie subject of electro- therapeutics in 
its chronic or, at most, subacute forms- The sjinptomatologj- may tbij 
greatly ; pain and stiffiiess in the back, pariisthesiic and excentric pains 
in the limbs, symptoms of motor irritation and weakness, rarely tme 
paralysis and atrophy, more or less diffused anesthesia, weakness of the 
bladder, etc., may occur and are not infrequently subject to great varia- 
tions. The electrical irritability presents no charBct«ristic rehition, bat 
when the anterior roots are atrophied and degenerated, diminution of ir- 
ritability and De R may occur. 

The treatueat depends, in th« main, upon the production of catal^ 



aiA therefore requires Btabile currents, as far as possible tlirough 
the entire extent of the cord ; botb poles are applied to the epiue, aocl 
both are moved successively from the neck to the loins. When irritative 
eTTiiplotus predominate, the descending current is nllowed to act most 
rigorously, the Ca being placed as low as possible on the sacruni. This 
imipolar action is secured most effectually if the Ca is placed upon the 
ftDterior surface of the trunk. The current should poascsa moderate 
strength, at least in the beginning ; the sitting may last troia four to t«n 
minutes. 

2. In virningeal apojUexy (sudden, apyroxial occurrence of meningeal 
irritative symptoms with rapidly developing paraplegic paresis or paralysis, 
wbicb usually begins to disappear rapidly) decided benefit can bo ob- 
tained in the stage of absorption and beginning convalescence by the ap- 
plication of the galvanic current The application dependn upon the site 
and probable cTctent of the hemorrliage ; stabile action of the current, 
both poles alternately, is required ; in addition, peripheral treatmeut of 
the paralyzed, anirathetic, or atrophic parts. 

3. Functional diseases uf the cortl appear a priori to belong among tha 
most favorable objects of electro-therapeutics, but not infiequently our 
aspectations are sorely disappointed. In the niajority of these oases eleo- 
tricol examination affords uo noteworthy results. 

In concnmon of the cord you will, oa a rule, oidy be called upon to 
treat its sequcl-p, either milder functional disorders, weakness, etc., due to 
finer nutritive disturbances, or more serious and progressive functional 
disorders due to a slow my elo meningitis (railway epiue). In tlie latter 
event the treatment is the same as in other cases of this hiiid ; iu tlie for- 
mer event we seek in port a direct or indirect stimulation of the spinal 
ftmctioDs, in part a direct or indirect influence upon the nutritive and cir- 
eolatory conditions. You may therefore employ various methods of trea^ 
tnent; galvanization of the spinal column with stabUe, not too strong 
emrents, ascending and descending ; the most active pole to bo chosen 
according to the chief symptoms ; in addition, perhaps eymptomatao 
treatment of the principal periphei-al disorders. Furthermore, fiirodiza- 
tion of the spinal column ; also general faradization, especially in general 
debility and poor nutrition, iu delicate females, etc. ; finally, perhaps, cuta- 
neous faradization, especially in the cases in which E^-mptoms of sensory 
imtatiou and neuralgias occur, or in which distinct signs of b^'penemia 
or aoirmia of the coni are present. 

True i^}inal irrilalion is extremely rebellious to electrical treatment^ 
bat brilliant results are sometimes obtained. The treatment may be the 
■ana ns in eoncuKsion, but should bo employed with great caution and 
very feeble currents. In many cases it suffices to employ an ascending 
stabile current through the spinal column from the small of the back to 
the neck, or in audi a manner that the specially painful paita an aituatet) 
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between the poles ; weak curreiits and short sittings are iDdicitod. Tbg 
anode may also be employed stjibile, witli u weak current, upon the q*- 
ciftlly painful vertebne (three to ten minutes) ; in some caBes, liowetei, 
the Ca produces better results. You may also try direct, moderately strong 
faradization of the gpinal column ; also the farado-cutaneous bruaU, vhen 
irritative symptoms are prominent, perhaps the application of the tandU 
brush as a counter-irritout over the painful spinous proceBses ; in Bonn 
coses, general faradization appears to have excellent results. Ceotnl |^ 
vanization may also, perhaps, be tried with benefit, especially when ten- 
bral symptoms ore present. 

In gpinal neMnuslhenia, the most frequent of all functional spinul <li»- 
eases, with its predominant symptoms of debility and exhaustion in all 
possible districts of the spiniU nervous system (motor weakness, pum- 
thesio, sexual exhaustion, etc.), various forms of electrical treatment mij 
be applied ; two forms deserve special mention, viz., galvanizatioa of tlie 
spine vdth ascending stabile currents, perhaps associated with an applic^^ 
tion to the cerWcid sympathetic and general faradization, TChich is credited 
with excellent results in this very field. If these methods do not prove suc- 
cessful, you may resort to the treatment of painful points upon the spine, 
or the cutaneous brush, perhaps to central galvanization. In addition, pe- 
ripheral treatment of the legs and genitals in suitable cases ; perhaps, alfo. 
of the cervical sympathetic and the head (insomnia, depression, etc). 

4, Heniorrhaijes into the fpinal cord may be treated according to the 
same principles as cerebral hemorrhages. According to the site of the 
hemorrhf^e, the symptoms consist of paraplegia with omeatheaia, panly- 
818 of the bladder, with or without atrophy of the muscles and De & 
Electrical treatment can only be begun when the disease baa passed into 
the chronic stage. 

Much cannot be expected from galvanic treatment, but we may hop* 
to restore tolerable function to those porta not entirely destroyed by the 
lesion. The site of the latter can uGually be determined with readiness, 
and a large electrode should be apphed directly over it, first the An then 
the Ca, while the indifferent electroile is applied either above or below 
ujx)u the spine or upon the sternum ; stabUe current for several niinutei. 
In addition, peripheral symptomatic treatment of ansesthesia, paralyBii 
and atrophy, paralysis of the bladder, etc. 

The same measures will serve in severe trawmalic lesions of Oie spinal 
cord (incised or bullet wounds, compression from fracture or dialocatioa 
of the vertebras, severe concussion, etc.) if the case has passed into » 
chronic staRe of paraplegia. Though much cannot bo expected in IheM 
cases I have often been of service to the patients by the restonUion ol 
function in individual muscles. 

5. MyeUtin in its numerous forms presents various indicadona in elee- 
tro-therapeuticB, chiefly in the subacute and chronic forma, since the ap- 
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[lUcatioQ of Uie current should be dispensed with iu the fresh stages of 
an acute myelitis. 

Apart from those forms trliich are restricted to the anterior gray coi- 
iimus aud the funicular degeiieratiuus (ayBtemic diseases, tabes, lateral 
aclerosis), the ordinarj- Tarieties of chronic mjehtis (transverse myelitis, 
multiple sclerosis, central myelitis, compression -my e 11 tiH, general pi-ogres- 
sive myelitis, chronic myelo- meningitis, etc.) present but little chanca of 
good effects from electrical treatment. But we meet occasionally with 
coses in which it ia of very evident benefit and in which even complete re- 
oovery is secsured. This I have observed repeatedly in transverse doi'sol 
myehtis ; compression-myehtia, when due to Pott's disease, also offers 
relatively favorable chances ; even in multiple sclerosis I was sometimea 
forced to attribute intermissions, in port, to the favorable action of elec- 
trioa] treatment. 

The condition of the electrical exdtability varies greatly according to 
thie character of the lesion. In a large majority of the cases it remaitis 
normal ; in isolated cases I noticed distinct increase of the foradic and 
galvanic excitabihty of the nerves in the paraplegic limbs ; more fre- 
quently there is slight quantitative diminution of irritability ; not at all in- 
frequently partial or complete Ue R was observed when the anterior gray 
homa of tlie cervical or lumbar enlargements were imphcated. 

The electrical current can only act in these forms of disease by means 
of its catalytic effects, and direct application of the galvanic current to the 
site of disease is therefore indicated. Various methods we suitable ; in 
circumscribed foci of disease, the stabile jmd successive application of 
both poles with a moilerate strength of cuiTeut and not too long dui'ation 
(one to live minutes) ; in more diffuse or funicular affections, longitudinal 
conduction with successive change of the points of apphcation, perhaps 
also an application to the cerrical sympathetic. When painful points ore 
present, the An is to be applied stabile. In compression-myelitis vrith 
Iiypbosis, the electrodes should be placed above and below the latter. In 
addition, symptomatic treatment of the most important disturhances of 
(unction is indicated. 

Id muUiple nclerosia applications must be mode to the brain according 
to the methods previously indicated. 

6. In tabes dorgalis tlie application of the electrical current constitutes 
one of the raoat important measures of treatment. The results obtained 
in this disease are not brilliant ; recovery, or a condition bordering on re- 
ooveiy, occurs in but a very small percentage of cases, and in a lat^ 
proportion our efforts are entirely useless. 

A therapeutic trial alone can decide whether the prognosis will bo 
bvomble or unfavorable ; but so much less can be expected from treatr 
ment the more advanced the progress of the disease. At present we can 
e a diagnosis in the earliest stitges from a series of very important in- 
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itdal B^vmptoma (lancinating poiiiB, pareeeUiesia, tired feeling in the legs, 
ab&euce of teudoti reflexes, refles rigidity of tbe pupils, analgesia and alow- 
neea of conduction of pain, tottering on closure of the lide, paralysis of 
ocular muscles, ueokuees of the bladder and sexual power, etc.), tio tlui 
moat patieufa Ijutc a chance of the earliest possible treatment. 

In many cases of tabes I have found tbe electrical excitability entiielf 
normal. In a series of cases I noticed slight increase of the faradic and 
galvanic initability of tlie peroneal nerves (especially at a relatively m^ 
stage) ; iu another series, moderate dixninution of irritability in these 
nerves. QualitalJTo changes of the law of contraction occur very r»rel» 
in the nerves (vid<: Lecture X-, page 91). 

The most important feature in treatment is the direct application of tlie 
galvanic current to the spinal cord. Tbe methods employed by vanoin 
authors tUfl'er very little from one another. I usually employ the method 
described above (pago ICfl) of application to the spinal cord and the cervi- 
cal E^mpatbetic, and I have every reason to be satisfied ivith this plaa 
Tbe appUcation should last from three to five minutes : tbe Btr«ngtb <il 
the current should be very carefully chosen ; sittings daily, usually fora 
number of months. 

'With this central treatment you may associate peripheral golvnniza^OD 
of the nerves of the lower limbs {Ca labile, An on the lumbar spine] ; 
faradization is also praised by many patients. 

Next comes tbo symptomatic peripheral treatment of the various phe- 
nomena of tabea (poi-alysis of ocular muscles, atrophy of the optic nerves^ 
anssthesio, etc. ), according to the metliods which ndl be described here- 
after. Tbo lancinating pains ore sometimes relieved by various proced- 
ures, such 03 stabilo application of the An to the spine at the point of 
origin of the affected nerves ; stabile application of tbe Ca on tJte painM 
and hyper.Tsthctic portions of integument (the An upon the roots of tbe 
nerves) ; increasing faradic current to the same region, etc 

Two other methods merit a trial in suitable cases. One is the treat 
meat of galvanic pressure or painful points by the stabile application of 
the An. At first the painful points and the girdling pains associated irith 
them disappear and an improvement of all the other symptoms usually 
follows. Unfortunately, these painful points are extremely lare. 

The other method is the application of tije farado-cutaneoua brush. 
which has been repeatedly recommended by Rumpf. This procedura ooa- 
sists of vigorous furadic brushing of the integument of the trunk and 
limbs for about ten minutes, either daily or every other day. Rtunpf 
recommends this plan for those cases alone in which pains and parrosthsaia 
still constitute tbe most prominent part of the Bymptoujatology- 

7. In KpoKlu; gpineU paralysis when due, as pure coses probably are, to 
funicular degeneration of tbe pyramidal tracts, tbe same galvanic treatment 
is indicated as in tabes dorsalia. 
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The electrical irritability in this disease presents no anomalies, or, ut 
most, a slight diminution of the farndic and galvanic excitability*. 

If you are in doubt with regard to the diagoosia and surmise tbnt the 
symptoms may be due to a beginning dorsal myelitis or the beginning of a 
multiple sclerosis, or, as ia not bo very infrequent in cbildren, an affeotion 
of the bmin (clironic bydrocepbaluB], the electrical treatment suitable to 
these forms of disease bhould be instituted. 

I bave repeatedly obtained vrity favorable results in cases of spastic 
■pinal paralysis. 

8. All electro -therapeutists are agreed that acute anterior poliomi/elilu 
(iobntilo BpinM paralysis) is a suitablo object for electrical treatment 
This term refers to acutely developing forms of paralysis with rapid degen- 
erative atrophy and De 11, without sensory or bladder disturbance, etc., in 
wtiicli the paralysis reaches its acme at the onset and then recovers in part ; 
the paralysis is due to an acute inflammatory process in the anterior homH 
of gray matter, affecting by preference the cervical and lumbar enlarge- 

Tbe conditions of electrical excitability in this disease are of no aligbl 
diagnostic and prognostic importance. Tlio De R must be regarded as a 
constant phenomenon in this affection ; as a rule it is completo, but in 
■ome muscles and nerves it is only partial 

A carefol esiuuitiation is attended generally with very great difficulty, 
at le lat in little cbUdreu. There is certainly no more ungrateful object of 
electrical examination than those little crying and struggUng patients, who 
dread smb manipulation extremely on account of the retention of sensibil- 
ity, and in whom the localization of the current and the recognition of the 
efTocIs to be obtained are rendered still more difficult by the abundant 
panniculim adipnaus. Not infrequently the patients come under obserm- 
tioa at a late stage, when even the galvanic excitability has been low- 
ered markedly, and the determination of the result ia rendered more diffi- 
oolt in tliis manner. In the majority of cases, accordingly, we must confine 
ourselves to a superficird recognition of the De R, obtained by a few clos- 
ures or changes of polarity of the galvanic current, and with a short far* 
dio examination of tlie nerve trunks. The slowness of the eouti-octions 
and tlie predominance of An CI C are particularly characteristic. In recent 
oases, however, in which exaggeration of galvanic excitability still persista, 
and in adults, the i-ecognition of De B does not present the slighteat 
difficulty. 

As a rule, complete De R is found in the majority of neiuv3< muscular 
tracts ; partial De R may be present in some of these tracts, but this does 
Bot occur very often. Whetlior De R may be entirely absent in certain 
mild cases (the so-caUcd " tem]>orury " forms of infantile paralysis) in all 
the affected groups of muscles, does not appear to me to be settled defi- 
tiil^, bat it BoeisB quite possible. 
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In those muscles which are partially restored, tie phenomena of tlw 
De R disappear ; after the disease has lasted for a long time, the markedly 
atrophied muscles become almost abaolutelj inexcitable. 

The indiciatioiis and methods of application of the electrical cmrent 
are verj simple and precise ; we hnve to deal with sharply localized, BOiall 
fooi of inflammfltion and their residua, and with a degenerative atrophy of 
the peripheral motor-nerves and muscles, similar to that occurring' in eTCT\ 
severe traumatic paralysis. But e^erienoe has shown tliat tbe prognons 
with regard to complete recovery is almost always bad. Only in th« mild, 
temporary forms will rapid or complete recovery be secured ; in the ordi- 
nary severe forma we can, at the most, restore the function of tlte slightly 
affect«d muscles, the others can be improved to but a slight cstesL In 
not a few cases, however, persistent treatment may eervo to st'-eDgthm 
individual muscles, and thus perhaps be of great advantage to tbo 
patient. 

The earlier the treatment is begun, the greater tho chance of saving 
what ia not jet irretrievably lost, and it should therefore be instituted as 
soon as the acute inflammatory stage has subsided. 

Tlie direct treatment of the morbid process is the most important. 
tlio galvanic current should be employed with stabile action upon the c«' 
vic'al or lumbar enlargements, or on both. Tlte site of disease is covereil 
ivith a " Inrge " electrode, the other being applied to tlie anterior surface of 
the trunk or other indifferent spot (first the An, then the Ca), for one ot 
two minutes with a moderate strength of current (15° to 40" N. De£, 150 
C R). If both enlargements are implicated, one pole is applied over eftcb. 
and the current allowed to pass first in one, then in the other direotion. 

In addition, tho paralyzed nouro -muscular tract should be galyaaiied 
peripherally with the Ca labile, the An being placed over tho sit© of di»- 
ease ; in the later stages, it will be necessary to employ cathodal dosuies 
and changes of polarity with a considerable strength ot current. 

Frequently it is only after protracted treatment that slight, slow, mus- 
cular contractions again make their appearance. The object of this form 
of treatment is to antagonize the degenerative atrophy and preserve the 
muscles imtil voluntary conduction ia again possible. This object ia ofkn 
achieved very imperfectly, though sometimes in n surprising manDcr. 
You should, therefore, not be dismayed by the Irtbor and time which mutt 
be expended u]K)n the peripheral treatment. 

Tbe entire treatment must be continued for a very long time ; if begun 
very early, it should be kept up constantly from sis months to a year. In 
older cases, it ia sufficient to use galvanism about twice a year for two tc 
three months at a time, (forty to sixty sittings) and to employ oth«- meas- 
ures (baths, massage, gymnastics, etc.) during the intervals. 

A certain amount of success has also been obtained from the u«e of the 
farsdio current, applied peripherally to tbe paralyzed muscles. BeUable 
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authoritieB have even reported successful results from its application to 
muscles wbieb exhibit complete De B. 

This canDot be accouuted for on the theory of a peripheral irritatiou 
of the trophic paths ; it is more probable Ihitt a reflex influence is exerted 
upon the site of disease, the centripetal seuBor^r paths being entirely intact. 

9. Subacute and chroriic anterior poliomyvlilis, in its various forma, 
presents a much more favorable prognosis. This form of disease U char- 
acterized by a more or less rapid, and for a time, progressiTO atrophio 
pamlyeis, usually in a paraplegic form, without diaturhance of sensation, 
the sphincters, or the cerebral nerves, — a flaccid paralysis with rapid de- 
generative atrophy of the muscles and partial or complete De B. Ite 
course is usually favorable ; it soon comes to a stand-stUI, and the paraly- 
sis not infrequently recovers completely. It is undoubtedly due to a 
nutritive (inflammatory ?) disturbance of the anterior gray columns, but 
which evidently does not possess the destructive character of acute an- 
terior pel ioniye litis. 

Electrical examination in this disease reveals the presence of the De R 
in all possible stipes of development. 'N\'ith the recovery of tlifi disease, 
the electrical excitability slowly returns to the normal. 

The electrical treatment consists of the application of the galvanic cur- 
rent to the spine according to the methoils previously described. 

Ab the enlargements are the usnal site of the disease, these should bo 
specially subjected to the action of both poles in succession, with stabile 
currents of sufficient strength. In addition, peripheral treatment of tlie 
panUyeed and atrophied n euro -muscular tracts with the labile Oa, changes 
of polarity, etc., according to the circumstances of the case. The faradic 
current may usually be dispensed with in this disease, though it may be 
employed for peripheral irritation of thf nerves and muscles in partial De B. 

The results are generally satisfactory. I have repeatetlly observed an 
immediate beneficial effect from the use of the current, and, as a rule, the 
improvement is very distinct after a short course of treatment {aide Ob- 
servations 33 and 34). Tha number of coses hitherto treated is still too 
small to permit us to decide when it is best to begin treatment ; a 
pnori, I should say as early as possible, except in febrile cases, in which 
it is undoubtedly better to wait until the fever has subsided. 

10. Progressive muscular atrophy, which may be regarded as a dissem- 
inated, progressive degeneration of the gray anterior horns, is character- 
ized by a progressive, slowly spreading, degenerative atrophy of a large 
part of the voluntary muscles, with fibrillary twitchings. followed later by 
pftralysia and disappearance of the muscles, without disturbance of senaa- 
tioo,' tlie sphincters, bmin, and cerebral nerves ; not infrequently it ia 
finally combined with progressive bulbar paralysis. 

The electrical examination is verj- important in making n dilTorential 
duffnoflis. At the onset of the disease there is generally no diatinct 
12 
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nnomaly and even after its loDg contioiiaDce many nerves and musdts 
merelj present simple dimiDutlou of faradic and galvanic excitability cor 
responding to the degree of atropliy. As Uie degeneration progresses, 
however, indications of the De R make their appearance in certain mnsclet. 
and gradiiallj become more distinct. 

At first we find merely a partial De B, i.e., the faradic irritability is di- 
minished but not extinguished, vrhile the galvanic excitability of tlie 
musdes is affected in the characteristic manner, i.e., deky in the coutnu^- 
tion, predominance of the An CI C, but usually great, diminution of irrita- 
bility ; at a later stage, complete De R is observed. This change is nanallv 
found in the small muscles of the hand, but occasionally in others ; I nost 
insist upon ray view that De K occurs uniformly in all cases of progreeaive 
muscular atrophy. In many cases, however, it is not readily demon- 
strable and requires very careful examination and great skill in the recog- 
nition of the De R. This in due to the anatomical peculiarity of the dis- 
ease, inasmuch as a number of healthy fibres are always found alongside 
the degenerated ones, and, the irritability of the motor nerves being re- 
tained, the qualitative changes may be concealed by the contractions of the 
healthy fibres. lu the examination yon must, therefore, employ all those 
devices to which I have previously cttUed attention (page 87). 

In one form of progressive muscular atrophy, viz., that beginning in 
childhood and youth (juvenilefomi),! have never observed the degeneralitni 
reaction, but merely a simple diminution of faradic and galvanic eidla- 
bility corresponding to the degree of atrophy. I regard this variety of 
the disease as distinct from the typicnl form. 

Electricity has always been recognized as the most important if not the 
sole means of ti'eatment in progressive muscular atrophy. In its typical 
form, however, this disease may be regarded as incurable ; the reports of 
recoveries from the affection probably depend upon errors in diagnosis. 
In a few cases I have obtained improvement, even a temporary stand-fitill 
of the affection. The "juvenile form," referred to above, offers a much 
better prognosis. 

In accordance with our views regarding the nature of the disease, gal- 
vanization of the spinal cord must play the chief part in the electrical 
treatment. The sympathetic may also be included in the treatment, es- 
pecially when the disease is located in the cervical portion of the oord. 
The localization of the atrophy in the various groups of muscles fumiehes 
us with accurate data concerning the site of the disease in the spinal cord. 
and the electrical treatment consists essentially of the stabile apphcation 
of both poles with modemtely strong currents to the diseased parts of ^le 
cord. In addition, moderately strong galvanization or faradization of the 
n euro-muscular tracts which are chiefly aflfected (Ca labile. An over 
the site of the disease). In peripheral apphcatJona you should avoid too 
strong currents, as excessive irritation might hasten the degenertitiTe pro- 
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cefl3 in the muscles. This point can be determined ordinarily by the 
condition of the patient after each sitting. The treatment should be con- 
tinued until its uselcssness has been demonstrated. 

The galvanic treatment of amyotrophic lateral sclerrms, which posseseeB 
an undoubted relationship to progressive muscular atrophy and is char- 
ncterized by simultaneous oclerosis of the p^-i-amidal tracts (symptoms of 
spastic spinal paralysis) should be conducted eBsentially according to the 
oame principles, especial consideration being prud to the funicular degen- 
eration which requires an action upon the entire cord. In this disease 
partifd De R is observed more or less distinctly in the upper atrophic ex- 
tremiliea, but there is no noteworthy change in the lower paretic and 
non-ittrophied limbs. The prognosis of this affection appears to be as un- 
favorable as that of progressive muscular atrophy. 

11, la acuU ascendinQ parah/siit, a form of diseaBe which has not yet 
been defined with precision either clinically or anatomically, very fnvor- 
able eflects from the use of electricity have been observed during the stage 
of convoloacenco. It is said to be characteristic of Hi is disease, at least in 
typical cases, that the electrical irritability remains perfectly intact, but 
itH relations to the ascending form of subacute anterior pohomyelitis still 
remain to be definitely ascertained. 

It is a question whether the electrical current should not be employed 
even in the early stages of the disease, while it is still progressive ; a 
priori, this seems to mo to be justifiable. I would recommend the appli- 
cation of motleratcly strong stabile currents along the entire spinal 
column for three to five minutes, either daily or even twice a day. 

12. fii'ct/adary degenerations of the ^imal vord have rarely been sub- 
jflcteti to electrical treatment. Indeed, very little can be hoped lor if the 
primary disease persists. There can be very little question of treatment 
of aacending secondary degenerations, since they can not be diagnosticated 
because lliey do not produce any symptoms to our knowledge. 

This does not hold gootl. however, of the defrendinij fecondanj drgener- 
ations of the pyramidal tracta, especially in cerebral diseases (hemorrh^os, 
softening, et^;.). It is generally assumed that this degeneration exerta a 
certain influence upon the symptomatology, giring rise to an exaggeration 
of the tendon reflexes and the later paralytic contractures in the paralyzed 
paria ; the Utter often o^Ter an obstacle to the return of mobility. Re- 
lief of the secondary degeneration may benefit the patient, accordingly, in 
oertiUD cues, especially when the primary disease has improved. In such 
an event the galvanic current may bo recommended. The method which 
OAy be employed is the same as in all systemic degenerations of tlie 
eord ; the stabile protracted apphcation of the An to the entire spine, the 
Oa Iwing placed over the cervical sympathetic ; in older cases this may bo 
followed by the application of the Ca to the spine. 
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LECTURE XX. 

IntrodnctioD— Available Cnrreat ESecti in Diseasea of the Peripheral Mer<«a~Fnc- 
tLcal Experience : Caaea— TechQique and Metbods of EleotricaJ Treatment— ta- 
diriduol Forma of Disease 1 Jlearitiei Hemonhnges and Circulatorj Disotdea: 
Slight MeohmiicBl and Truumatic Lesiona ; Severe TriLumatic Leaiona ; Degimer' 
ative Atropb; of the Nerves ; FaQotioual Disorders— Sjmptamattd Treataem— 
Electro -di^noatio Itemarka. 

I WILL now turn to tlie consideration of the anatomical leeions and 
diseasea of the periplioral Derves, apart from their individual Bymptoma, 
9uch a3 apasm or paralysis, neuralgia or auaotheaia, etc. Concerning the 
molecular nutritive disturbances which are frequent causes of dieordercd 
function, and give rise especially to neuralgia, Bpaems, perhaps also panl- 
ysla, we can odIv speak in passing. 

We have to deal here with very few morbid processes, tiz., sub MUto 
and chronic forms of neuritis, next the rare circulatory disorders, anaimis 
and hyperffimia, and t!ie much rarer hemorrhages into the nerves. Then 
we have to deitl with the mechanical and traumatic lesions of the nerves, 
in all their varying degrees of severity, and finally with degenerative 
atrophy, which is usually secondary, but occasionally, perhaps, occurs 
primarily in the form of chronic parenchymatous neuiitis. 

If you bear in mind our previous discussions, you will readily see th&t 
any favorable effect of electricity in these various affections of the pe- 
riphery nerves must depend mainly upon its catalytic actions, upon its 
effects on circulation and nutrition, upon infiammntion and ita conse- 
quences ; to this category belong also the effepts upon cicatricial tissue, 
upon cirrhosis and degeneration, the ahsoqition of extravasations and ex- 
udations into the nerves and nerve-sheaths, finally the effects upon tie 
molecular or nutritive disturbances produced by pressure of short duration 
or by moderate compression ; the catalytic action of the current niav be 
of service in all these conditions. 

The vasomotor effects of the current are also undoubtedly beneficial in 
hypera'mia and anieraia of the nerves, or when it is necessary to stimulate 
nutrition or combat degenerative atrophy. The stimulating and modify- 
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ing actions of the current may, perhaps, ho useful in relieving local nutri- 
tive disturbaucea 

The followiug serieB of cases will serve to illustrate the effects of elec- 
trical treatment : 

3G. Personal observation. Chronic neuritis of Ihe -median neroe. — A 
woman, aged forty years. Suffered for ayear and a quarter from neuritis of 
tlie median nerve above the right wrist. It began with numbness in the first 
(our fingers, then pains in this region, which increased until they prevented 
sleep. The median nerve above the wrist is felt as a thickened, spindle- 
sbaped band, whieh is tender on pressure ; this also causes pain aud for- 
mication in the entire distribution of the nerve ; the latter presents trophic 
diflturbances of the skin. The pain is localized, burning, coutiouous, but 
occasionally exacerbating ; no amesthesia ; tlie hand grows tired very 
easily. Faradic and galvanic eicitabihty of the nerve somewhat in- 
creased. Qolvanic treatment An stabile upon the nerve above the wrist 
and in Oie fold of the elbow. Considerable improvement after the second 
sitting. After the tenth sitting, the patient slept the entire night ; feeling 
in the hand much more normal ; pain much lessened. ThS swelling of 
the nerve constantly diminished. Complete recovery in all respects after 
seventy sittings. 

37. Personal observation. Chronic neuritis nodosa (neuroma ?) 0/ the 
ulnar nerve. —An engineer, aged twenty-five years. Hiid a dislocation of 
tbe right elbow twenty years 2)reviouBly, leaving slight deformity, but 
complete usefulness. Hod formication in the little finger of the right hand 
for eight years after protracted writing or drawing (mechanical irritation 
of the ulnar nerve by the dislocated internal condyle). For two yean, 
weakness and wasting of some of the small muscles of the hand ; for a year, 
constant feeling of numbness iu the little finger and a deep-seated pain in 
the fourth finger. Status : tlie hypothenar eminence of the right hand, the 
adductor pollicis and most of the inlerossei completely paralyzed and atro- 
phic ; other muscles uormaL Complete Do It in the paralyzed musoles. 
Sensibility in the ulnar distribution somewhat diminished. At the elbow- 
joint the ubiar nerve presents a distinct, spindle-shaped thickening, about 
as large as a bean. Giilvanic treatment : An stabile upon this swetling, tfar 
Ca alternately above and below it ; a tew changes of polarity ; then labile 
application of the Ca to the distribution of the ulnar nerve (An upon tbe 
swelling). After fifteen sittings, constant and progressive improvement; 
the movements of the hypothenar eminence, adductor brevis pollicia. and 
most intvi-ossei (with the ei^ception of that of the fourth finger) have re- 
turned. Return of the faradic irritability of tlie ulnar nerve above tJie 
wrist, but not of the muscles. Feeluig of numbness markedly dimin- 
ished ; enlargement of the ulnar unchanged. Patient is discharged. Im- 
provement occurred later. 

88. Personal obseroation. Neuriiis of the brachial plems ; combined 
AoaUUrr-arm paralysis (Erb). — A man, aged fifty-two years. Token sif^k five 
weeks ago with pain and stil&ess in the bock of the tieek, then bad pain 
in slioiihier and arm, witli ponesthosia in the thumb and index finger ; pro- 
greasivo paralysis of the arm. Examination shows complete paralyaia 
and marked atrophy of deltoid, biceps, brachialis intemus. and supinator 
[ongus 1 supinator brevis also appears to be weak. Tactile sensatiou some- 

t blunted on thumb and index finger. A few tender Bpota in left 
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supra-clavicular fossa. Electrical irritability slightly diminiahed. Gal- 
vanic treatment : Au stabile to brachial plexus, galvanization of sympa- 
thetic and descending labile through the paralyzed muscles aud nerm 
Complete recovery after tbirty-tive sittings. 

39. Obseruation by it. Remak. Paralysis if the delluid ; neuriti* o/tht 
brachial plexus. —A man, aged thirty-one years. Itbeumatisui of the three 
large joints of right arm for three months ; two months ago, sudden com- 
plete paralysis of right deltoid, which resisted all therapeutic meaeores 
(faradization, blisters). Distinct, tender sweUing of the brachial plexus, 
especially of that part from which the cii-cumflex arises. No immediate 
effect from labile application of Ca to the muscle. Stabile application ot 
An (two to three minut«s) to the painful part of the plexus enables the 
patient at once to raise the arm to the Tertiool ; the swelling then appeared 
less painful. Two further applications of the current completed the recoverr. 

40. Persoruil obaervativn. Traumatic paralysis of t/ie li'Jl artn {from rfi* 
location of the shoulder). — A man, aged sixty-three years. October 23, 
1869, dislocation of left shoulder ; immediate paralysis of arm ; morlced 
tuuesthesia of arm at first, which is now somewhat improred. 

Februaiy 23, 1870.— Complete paralysis of left forearm and hand; 
triceps almost completely paralyzed, biceps and brachialis iuteraus nor- 
mol. Complete De R in paralyzed muscles. Sensibility diminished in 
hand and radial side of forearm. Galvanic treatment : An stabile through 
the shoulder- joint, then Ca labile through the nerves and muscles. 

March 3d. — While the Ca is in asilla, a slight voluntary contraction 
occurs in the flexor muscles of forearm. 

March 29th. — While An is stabile in the asilla, a slight movement oc- 
curs in extensor muscles of forearm, and traces of contrnctiou on attenipt- 
ing to contract these muscles voluntarily ; their power of motion increases 
perceptibly during the next few days. The arm and hand, which hti 
been swollen, bhiish red, and cold, look much better. 

April 6th. — Patient discontinues treatment ; markedly improved. 

June. — The improvement has advanced still further. 

41. Personal obserualion. Paralysis of the right radial nerve {neuritisf 
trautnaf). — A man, aged foi'fj-five years. December 26, 187i, Budden 
paralysis of right radial nerve, with formication in its distribution to the 
hand ; faradization useless. 

Status on February 15, 1875 : Piunlyais of entire radial distribution in 
forearm ; sensibility unaffected. Electrical examination proves the site of 
the lesion to bo in the region where the nerve bends around the elbow (in- 
terruption of conduction) ; below this locality the distribution of the 
nerve presents partial De R ; no contraction con be obtained through the 
nerve above this point Galvanic treatment : An in the neck, Ca stabile 
over the site of the lesion (with a few changea of polarity), then labile 
through the nerve and muscles. Considerable improvement after ths 
fourth sitting, especially in the supinator longus, eitensores radialis and 
digitorum. Complete recovery after twenty-two sittings ; electrical irri- 
tability nearly normal. 

42. Ohservation by Mrvr, Meyer. Kenralgia (nfiuTitis?) of the brachial 
plexus. — A girl, aged fourteen years. Pain for nine months in fourth in- 
terosseous space of right hand, which gradually extended over arm and 
forearm in the course of the radial nerve ; a small, thickened, painful spot 
in outer port of brachial plexus. Immediate relief from stabile application 
of An to this spot ; recovery after seventeen sittings. 
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48. OfcMrudton bi/ Mor. Meyer. Neuralgia (neuritin f) of the ulnar turv«. 
—A girl, aged Dineleen jeara. Pain for tbree years iu fourth right iiiota- 
carpal opace and atoog the course of the cutaneous branch of the uhiar 
uerrfl to the elbow and to the right side of the iieck ; inability to uae the 
arm. Great teuderuess of lower part of brachial xilexus. Applicntion of 
An to this region produced considerable improve meut after four sittings ; 
not completely cured until fifty-four sittiugn. 

44. Feracmal obseroalion. Higkt occipilal and trigeminal neuralgia (wf U- 
Tttisf). — A compositor, aged tweoty-four years. April, 1872, severe supra- 
orbital aud infraorbital neuralgia cured by four applications of An stabile. 

June, 1872. — Neuralgia of both trigemiui and occipitalis cured in a 
few days by An stabile, 

August, 1873. ^For two weeks has hud paiu in right ear, right side of 
face, and right half of occiput and scnlp ; feeling of nurubticss iu these 
parts. No painful point in the face, but one iu the course of the occipi- 
liUiB major nerve. Moderate anaesthesia throughout the painful region. 
Golvnnic treatment : An stabile iu front of the ear and on the occiput, tho 
current being grndunlly increased and decreased. Cured in ten sittings. 

45. Pergonal obsercalion. Left sciatica ; anaslhesia {neuriligf).^A por- 
ter, aged forty'three years. Four weeks ago hod severe pain in the back, 
which disappeared after some vapor baths ; then yerj- violent pains for 
two weeks in left thigh and foot ; was then free from pain for n week, but 
had feeling nf numbness throughout the left leg in the distribution of tha 
sciatic, with weakness of the limb. Status; dragging gait; leg very 
weak ; sensibiUty dimiuislied in sciatic distribution ; marked feeling of 
coldness in the hmb, which also feels colder than its fellow. Oalvanio 
treatment : Descending stabile current, with a few closures. After fifteen 
sittings : pain aud numbness entirely disappeared ; seustbility also normal 
objectively. Discharged cured, and has remained so since. 

46. Fenoiud ob^ieri^ition. Right supraorbital 7ieurtdgia.^—\ glove maker, 
aged twenty-six yeai's. For five days post, violent neuralgic pains in right 
aupi-aorbital nerve ; i-elief at night ; very marked point douloureux at the 
supraorbital foramen, nerve sensitive to pressure throughout its entirs 
extent. No sensory disturbance. Galvanic treatment : 8 elements gradu- 
ally increased and diminished. An stabile upon the nerve-trunk. Ca upon 
the left hand ; pain disappeared immediately afterwanl. Cui'ed niter 
two more sittings. Painful point had disappeared after first sitting, 

47. Perxonai obserualion. Neuralgia of the s\ij>erjicial branch fif the IrfX 
radial nerve.— A sen-ant, aged thirty-three years. Has suffered for a week 
(roin the most violent pains iu the distribution of and along tho left 
saporficinl radial nerve, beginning at 4 p.m. au<l lasting during tho entire 
night Movements of the band and fingers performed with difficulty 
during the paroxysms. For six days, numbness in distribution of nerve 
to the hand. Painful point upon the nerve. Galvanic treatment: de- 
scending current, stabile through the nerves, tliree to four minutes. The 
pain did not return after the first sitting ; merely slight twiuges, which 
disappearetl after two more sittings, 

48. Personal o/isen'Olion. Trigeminni neuralgia ; kerpeg labialiK — A 
int. Aged twenty-four years. Sick (or past three days with vomiting, 
whe and some fever ; since yesterday very violent pain in left half of 

Painful points at the supraorbital and infraorbital foramina. Her- 
if the left lower lip. 
klaroh 2l8t — Galvanic treatment ; stabile from the mastoid (oaaa to 
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the Bupraorbital, infraorbital, and mental fommina ; a few closores of Uie 
current. Great relief experienced immediately. 
March 26Ui. — Discharged curod. 

49. Obserinlion by Leber. Retrobulbar optic 'neuritis. — ^A boy, sgwl 
nineteen years. The disease has continued unchanged for eight months 
despite all U-eatment ; then striking and Tcry rapid improvement and 
olmoiit complete restoration in one eye during galvanization of the etid- 
pathetic (Au over the superior ganglion), while transverse conductioa of 
the current through the temples had proven fruitleaa ha. improvemeiit 
in sight could be noticed after each sitting. 

50. Observation by Donald I'Vaser. While atrophy of the optic nerve.— 
A man, aged fifty-nine years. Diminution of visiou for past five ycarB, 

September, 1871. — Uight eye Sn 20 at four inches, left eye at eight 
inches. Ophthalmoscopic esamination : the external tvpo-thlnls of the 
optic nerve white and shining, the inner third congested ; the veins tor- 
tuoua and wide, the arteries diminished in number and calibre ; white 
streaks along some of the vessels. Dii^noaia : primary degeneration trf 
the optic nerve. Treated un successfully for a month with mei-cuiy aod 
iodine. 

October, 1871. — Sn 20 with both eyes at seven and a half inches 
Galvanization with 6 elements through the temples tor twenty seconds; 
immediately afterward, Sn 20 at ten inches. Treatment : longitudinal 
and transverse conduction of the current through the hend. ProgreBsive 
improvement at the end of three months, Su &J seen as readily as Sn SO 
at the beginning. 

January, 1872.^ — Distinct improvement nlso in the ophthalmoscopic ap- 
pearances, the arteries wider, the veins narrower and less tortuous. IV 
improvement makes still further progress. 

As io diseases of the brain and spinal cord, so in those of the periph- 
eral nerves, we must rely almost esclnsively for the production of cata- 
lytic and vasomotor effects upon the galvanic current ; the faradic cur- 
rent may perhaps be available, like the galvanic, in the production of 
stimulating and modifying efi'eots, and to relieve moleculai", nutritiTo di» 
turban ces. 

In the majority of coses we must apply treatment as directly as poen- 
ble to the diseased part, though an indirect efiect cannot be excluded, in- 
asmuch OS it is possible to set io action vasomotor and even tropMc infln- 
encea from parts of the nerve situated superiorly or from the sympathetic 
iiyatem (cervical sympathetic in optic neuritis) or even from Uie spinal 
oord and its centres ; and fimdly a reflex action from the akin (faradic 
bmsb, etc.) may not be nseleaa, especially in functional, molecular changes 
(for example, in neuralgia). 

The following methods of application may be employed in the ^wciol 
forms of diaease of the peripheral nerves : 

In neuritis, at least in more recent cases, the most favorable eflTect ia 
obtained from the stabile application of the An, the Ca being placed either 
directly opposite or upon some ijidifferent spot (sternum) ; it appears Io 
me more adviaable to place the Ca upon a more central portion of the a^ 
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1 nerve or upon the corresponding portion of tbe spinal cord in order 
^ci^i affect fclie vasomotor {and trophic ?) uervea. Moderately strong cur- 
^~^BntB (25'' to 40° deflection of the needle with 150 G B) are employed and 
^L.ZlIowed to act from two to ten minutes according to circunistaucea. In 
t^^^lder, more chronic cases (>nde Observation 37), in which induration and 
^^airrhosia with advanced degenertttive atrophy are present, the An ia used 
^SKltematcly with tbe Co, the latter jierhapa to a greater esteut and with 
^^reater intensity. The same methoda may bo employed in hemorrhages 
"mnto tbe nerve-aheatha, which occur and are recognized with equa] in- 
^&equency. 

In mild mechanical and traumatic leaiona it boa been ascertained with i 
«ertainty thnt the direct application of the galvanic current to the eito of 
lesion is useful, and that distinct improvement aometimcs occurs imme- j 
diately after its employment. Thia favorable effect is especially secured i 
by the ulubile application of the Ga of a feeble galvanic current An indi- i 
rect vasomotor or catalytic effect may also be sought for by galvanizing j 
tbe central portion of the nerve. Moderate faradic currents ore also ad- 1 
missible for tbe some purpose, and may also be useful in a reflex manner I 
(bradic brush). 

In Bevei-e traumatic lesiona a favorable effect from the electrical cur- 
rent can only be looked for when the cause is removed ; in part this may 
be done by tbe absorbing, catalytic action of tbe current itself (in cicatri- 
cial formations, incised wounds and the Uke), but tbe ti'eatment of the 
cicatrix of the nerve, the furtherance of tbe union of both cuds of the 
divided nerve do not appear to bo entirely useless. Tbe site of tbe lesion 
must then be treated \'igorouBly and for a long time with stabile current^ i 
the An and Ca being applied successively ; in older cases, the Ga stabile 
and labile should be also applied to tbe central end of the nerve. 

Tbe degenerative atrophy of the nerves must also be treated forthwith 
in sach cases. Experience teaches, however, that there is no hope of 8Ui>> 
oew unless central trophic influencea are not entirely extluded or haw I 
been restored to a certain extent, since tbe development of degenerative | 
fttropby cannot be prevented. Real success can be expected in such case* 
Blone in which the original lesion of the nei-ve has been so far relieved 
that some connection bos been restored between the peripheral and cen- 
tral portiona of the nerve. In all such cases of secondary degenerative 
atrophy (recognizable by the De R>, treatment of tbe site of the lesion is 
the most important, that of the degenerative atropliy merely secondary. , 
When we have to deal with primary degenerative atrophy (ao-cslled par- | 
enchymatoua chronic neuritis), its treatment is the most important. 

In both events, it is our object to hasten the regeneration of the nerve- 
fibrea. The moat suitable method ia vigorous galvanization of the nerve- 
trunk throughout its entire extent : I first apply the An stabUo, then 
ehiefiy the Ca, passing it labile along the nerve-trunk ; moderately strong 
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current for one to four minutes daily along each nerve. The same method 
is employed upon the muscles supplied by the diseased nervea 

As soon as practicable — forthwith in the primary forms, and as soon 
as we suspect the restoration of trophic conduction in the secondaij 
forms — it is well to treat also the central portion of the nerve or the cor- 
responding centres in the spinal cord, in order to hasten the healing pro- 
cess in the peripheral part by stimulation of the vasomotor and trophic 
paths and centres. 

The choice of currents in the treatment of purely functional disorders 
of the peripheral nerves (neuralgia, ansesthesia, spasms, certain paralyses, 
etc.), will depend upon the indications present, and these will be discussed 
in the subsequent lecturer 



Very few remarks are necessary with regard to electrical irritabilify in 
lesions of the peripheral nerves. The electrical examination is very im- 
portant with regard to the localization of the lesion, when the position at 
which conduction is inten*upted can bo ascertained. If the irritability of 
a motor nerve is retained below the site of the lesion, but is lost above 
this point, the exact location of the morbid process is readily ascertained, 
as it is also when, in a sensory nerve, no eccentric sensations can be pro- 
duced below a certain spot, but are preserved above ii 

All possible changes of electrical irritability may occur, as you will re- 
member from our previous remarks on general electro -diagnosis. 
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LECTURE XXI. 

Dednitioii niiil PathogeneaU of Poraljais— Objects of Elsctro-theT&pentica in Panlftia 
uid tbe Methods of Effecting them : a. Removsl of the Cause of Pojaljals — 
i. Remotal of ObBtiuctioos to Motor ComluoUon ; Direct and Indirect Method; 
UUllution of Retlex Paths ; Method of Applicalioa of the Faradio and QalTanio 
Cuirents for these Parpiise* — e. Relief of Fioer or Qrouer Nutritive DisCurlMuic«a 
In ihe Motor Conducting Paths — (L Restoratiou of the Nonnal Condition of thtt i 
Paraljied MukIcs — Treatmeat of Musoulftr Atroph]'— neaulta of EHectro-tbem- ■■ 
penlicB in Paraljais — Eleotro-diagDOHia of Paralfsea — Practical Tocholoalfl 
BemarlcB. 

pARAi.irBia may be defined as " a dimiuution or eEtinctioQ/>[ tJie jwwer 
nt etimulatiug the motor nerreit and miucles tn tlieir normal fimutioua." 

This coiuHtiou may bo produced by dlaease of the miisclea themeelves 
latrophy. degeneration, dimioisbod irritability from certain poieona, eta.), 
and then constitutea so-called myopathic paralysis. Or paralyaia may be 
due to disease of the motor tracta at auy port of tUeir course from 
muacleB to the motor centres of the cerebral cortex and to disease of the , 
latter centres themselves ; this is ueuropathic paralysis. 

The latter form may be due to various causes which impair the fnno- 
tion of the gnnglioa cells and nerve-fibrea, viz. .- iuflammation, degenera- 
tion Bud atrophy, hemorrhage, ann-min and hj-penemia, perhaps most 
frequently to simple meclmnical actions, such as compression, rupture, 
diiriaion, etc. ; in addition, to less [wilpablti, not gross, anatomical cbaugea, 
Buch as the action of certain poisons, exhaustion, ex[x>sure, hysteria, etc. 
— in short, to so-called " functional" disturlMuices of whose material bosia 
we are yet ignorant. 

This does not exhaust all the phenomena occurring in paralysis and 
which are occasionally the subject of our therapeutical eSbrts. Certain 
changes and sequehe may develop in the paralyzed parts, the nerves and 
muscles ; they are frequently of a simple, nutritive, molecular character, 
and are manifested by diminished potver of conduction and excitability — at 
most by simple wastiug. They are due in part to disuse, in part to the 
kbmnce of certain trophic stimulations. Not infrequently, however, these 
fl Rre of a much more serious character, oonatitutiDg degeoeia- 




188 



ELECTBO-THKRAPEUTICS. 



live atropby of the nerves and musclee and advaDCuig U) morlced fibrous 
cirrhosie. 

The object of electrical treatment in all these pathological procesees is 
the reatoratiou of the noi-mal inSuence of tiie will upou the muscles, i.c, 
in the large majoritj of coses, the restoration of conductiou in the motor 
nerve-tracts ; in a amoller number of cases, the restoration of the inita- 
bihty, contractile power, and nutrition of the muscles ; in almost all cases, 
in addition, we ai-e required to relieve the changes in the nerves and mus- 
cle b consequent upon the paralysis. 

a. Our most important object is the removal of the cause of paralywa, 
i.e., the local lesion of the diseased port of the motor conducting path. 
Only a part of these morbid processes is accessible to electro -therapeutics, 
Buch as the manifold diseases of the brain, spinal cord, and peripheral 
nerves which I have diacuased in the preceding lectures (Ijectures XV,- 
XX.). If these have produced the paralysis, they uiust be treated in the 
manner already described. 

Another p.irt of these causes of paralysis is inaccessible to electro- 
therapeutics and roust therefore bo treated by other means (internal reme- 
dies, surgical measures, batlis, etc.). 

Finally, nuotlier series of cases remains in which wo do not know the 
exact nature and location of the morbid process (hysteria, various fonns 
of poisoning, cerioin paralyses after acute diseases, etc. ). Causal treatment 
must then bo dispensed with or directed to all localities which may poea- 
bly come in question. 

6. The fulfilment of the causal indication often effects our sectaid 
object, viz.: the removal of the obstructions which prevent the conduction 
of stimulation through the site of the lesion. But the latter indicatioii 
is not always met in this moaner, and we mast then rely upon the direct 
onti-paralytia action of electrical currents. 

For this purpose their stimulating action is all important. An obstruc- 
tion to motor conduction which cannot be reheved by the stimulus of the 
will may perhaps bo overcome by a more vigorous artificial stimulaa and 
thus the path also made free to voluntary excitation. If the electrical irri- 
tant is allowed to act vigorously on the proximal side of the lesion, the 
obstruction may, perhaps, be removed in this manner. In explanation of 
this phenomenon, I would refer to the well-known fact that fi'eguent ubb 
of a motor conducting path diminishes the resistance of the latter (infln- 
ence of practice). In this manner we sometimes succeed in forcing the con- 
duction of the process of excitation by means of the electrical current : 
when this has been achieved, the stimulus of the will may gradually grow 
effective and the paralysis slowly disappear. 

As a matter of course, the stimulus must be applied to the proximal 
side of the lesion (Fig. 35) ; in order to remove an obstruction (a) in the 
conducting path of a motor nerve (n), so that the centrifogol to1u|||^^ 
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cess of elimulalion may reach the muscle (m) undisturbed, the «leo- ^ 
trical atimulua {e) must be applied to the proximal side of the site of tbe 
lesion (aj. Frequently, however, this cnnnot be done, even in peripheral 
paralysis— for example, in paralysis of the facial nerve within the Fnllopian 
canal, or of the cerebral nerves at the base of the skull, or in lesions of the 
cBuds equina, etc. Our purpose could not be achieved were it not for the 
fiust that we ore fortunately in the position of exerting the electrical stimii- 
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lution in tiie desired locality — on the proximal ude of the lesion— in on . 
indirect, reflex manner. 

The matter is very simple when tlie shortest nud most frequently em- 
ployed reflex arc is intact ; for example, in facial paralysia so long as the 
trigeminus is intact {mrfe Fig. 361. If an obatruction to conduction (a) ia 
present in the facial nerve (VII) near its euti-nnce into the Fallopian 
oonnl, the electrical current cannot be applied to the proximal side of the 
lesion with snflicient intensity. But if we irritate the integument of the 
fooe (At, which is innervated by the trigeminus (V) with the electrical cur- 
rtnt {«) — or the trunk or individual bnmchea of this nerre— a centripetal 
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stimulation is produced wLicli is conveyed in the centxal organ (c) throogh 
the shortest redes arc to the trunk of the facial, and now acts as a centh- 
petal stimuIuB upon the obstruction to conduction, in the same manner bs 
if the electrical irritant had been applied centrally. 

A somewhat similar condition occurs in infcuitild epioal paralysis, in 
which the obstruction to conduction is situated in the refles arc it«elf, but 
the aensibility of the skin remains intact ; a central Irritation of the motor 
pathe of conduction is also imposKible in this 
instance, but the process of redes stimolation 
may be resorted to, as will appear from the ad- 
joining figure without further explanation. 

The matter becomes more involved when 
the peripheral mixed uerves are paralyzed, and 
seiMory conduction is also interrupted, as in a 
in Ilg. 38. Irritation of the skin at A will haye 
no efiect upon the motor paralysis, it will be 
lost at the point of obstruction (a), and pn> 
duce no refles stimulation of the motor path ; 
in order to efTect this, we must employ, for 
the reflex stimidua, paths which ore situated 
farther forward or backward (or at the bbim 
level on the opposite side of the body) ; fores- 
ample, the path k', which is also in indirect 
refles connection with m (indicated by the ar- 
row). According to well-known physiological 
laws, this refles stimulation will be consider- 
ably weaker than if the natural arid shori^-et 
refles path were employed. But something 
el^ can be effected by the electrical stimulation 
of A -■ the obstruction to sensory conduction at a con be overcome and 
therefore made free, bo that the shortest refles path is now opened for the 
centrifugal stimulation of the path Jim. A more direct action upon the 
paralysis is thus rendered possible. This may also prove of service when, as 
so often occurs, the sensory conduction Is restored earlier than the motor ; 
the sensoiy paths may then be employed forthwith for refles irritation. 

The matter becomes still more complicated In central paralyses ; if the 
shoi'test available refles path is situated below the site of lesion (in Fig. 
38, the refles path h' Urn! when the lesion is located at o'), its irritation 
will have no direct influence upon the site of disease and therefore upon 
the paralysis, especially if sensory conduction is also impeded at the level 
of a ; it follows, therefore, that spinal and also cerebral paralyses, in 
which the reflexes are retained or increased, cannot be influenced (or on^y 
with difficulty] in this refles manner ; this is only conceivable if, the seo- 
Bory conduction being retained, the refle.\ irritation acta upon a' in a oen- 
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trifugul direction through a circuitous path or from more remote sensory 
paths ; we inuat employ, in the main, Uie refles palba which are wttiated 
more anteriorly. As reflexes can also be obtained from the cerebral cor- 
tex, it thus becomes poBsible, in paralyses of everj' possible locatioD, lo 
employ the reflex sliinulatiou coming 
from tlie centres by electrical irritation 
of any part of the skin upon the paral- 
yzed side. Thia is also facilitated by 
the fact tliat in many of the puralyetH 
i>t question, the sensory conduction to 
Lhe cerebral cortex is entirely intact. 
This wUI explain in part the successful 
results of peripheral faradization and 
(galvanization in central, especially cere- 
bral. paral}'se&, and it accords very well 
with the statements of Vulpiau and ),| 
Rumpf that the application of the (ara- 
flic brush to the skin of the forearm, 
in hemiplegia with anfcsthesia, may 
also improve the motor pnr^Uysia, 
speech, etc. 

To secure these irritating eSecta, 
yon may empli)y the \'ariou8 methods 
described in the general part of thia 
work (page 105). In employing the 
galvanic current, the Ca should be ap- * 
plied, at first stabile, then labile, along 
(lie nerves and muscles which we de- 
■ire to irritate. The contractions pro- 
duced ser\-e aa n meaaui-e of the 
itrength of current ; in central stimu- 
Ifttion, when, as a matter of course, no 
flontractions occur, or when the peripb- 
eml part of the nerve is iuexcitAble, 
yoa ibould select the strength of cur- 
rent Upon corresiMnding heultliy fk. K-^hmwiBwp»n«i'«i™of awrrtm 

• . VM*" •«ll»Mf UwsuniUolU' In nrlmu PtrlDh- 

aBTves. To secure mure viffiirous irri- "oi ""i ™u"i pumlmi * ^■«n»i otrf ; sm. 

" twnbnl oarta : •■ «' n" >*^. ugmr ouUm and 

tationa, make cathodal closures, and, n-MrlmH »' t." »", mtaon imUm mai Mat a, 

u Tou require a slill stronger stimu- ih«K>Ui»i bkhm edoflnuting p»ih.i ii*.i»*i«oi 
In^ moke repeated changes of Polar- 
is. The An may be placed at the site of the lesion, an its proxiniAl tide, 
or on some indiflerent spot. 

In using the farailic current, it is generally sufficient to apply it by 
means of muiat electrodes to the nerre-tmnkB in question, upon the pros- 
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imal Bide of the lesion when the motor paths are to be acted upon, npon 
the distal side when yon wish to act npon the sensory paths. Or you may 
employ faradization of the skin, as in general faradization, or apply the 
bradic hruah, either as a vigorous local application to certain small por- 
tions of the skin (^Vulpian) or as a more dliTuse application with a moder- 
ately strong current (Rumpt), 

c. A further object is the removal of the secondary finer or grower 
nutritive disturbances which may be present in the motor conducting 
paths and intei-fero with their normal function. 

We may have to deal with finer molecular disturbonceB, such as an 
produced in the nerves by poisons, or by prolonged inaction, perhaps also 
by (he excluaion of certain central tiophic influences. A single or re- 
peated moderate stimulation of the motor paths of conduction by the pro- 
cess of eleotiical irritation may then suffice to restore conduction. 

Next in order is the degenerative atrophy of the nerves, which oriMS 
from the entire exclusion of central trophic influences and is recogniied 
by the De R Although entire prevention of this degenerative atropbj 
cannot be secured, it ia probable that regulai- faradic and galvanic stimu- 
lation will, at least, prevent marked atrophy of the muscles and hasten the 
restoration of the nerves and muscuhir fibres. The galvanic current i» 
preferable ; stabile application of both poles to the diseased part of the 
nerve, then vigorous .labile application, and in addition the treatment of 
the muscles which will nest engage our consideration. 

d. Our final object in many cases is tlie restoration of the normal ini- 
tability, contractility, power, and also the normal volume of the paralyied 
muscles. 

The surest means of improving the nutrition and contractility of the 
ruuscles is the process of muscular contraction itself ; muacles which are 
often contracted become hypertrophic and stronger. 

To effect our object, viz., the rehef of the atrophy and degeneration of 
the muscles, we should endeavor to increase the irritability of the contrac- 
tile substance, to produce repeated muscular contractions, to cause in- 
creased flow of blood to the muscles, and finally exert trophic inf uences 
upon them. 

As you Bee, these objects appear to be created for electro-therapeutice, 
especially for the galvanic current ; we may at first apply the Ca stabile, 
alternating with the An, npon the muscle itself ; then an energetic etabUe 
application of both poles, either alternately or simultaneously, upon the 
motor norvo of the muscle ; finally, labile galvanization of the motor ner?e 
and muscle. If more vigorous stimuli are required, cathodal closures and 
changes of polarity may be resorted to. In employing the faradic current. 
moist electrodes are apphed to the muaclea and their motor nerves accord- 
ing to the rules of local faradization. 

I mnst also mention another method of treating muscular atrophy, yiz., 
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by the application of leeble, coutinuous currents (1 to 4 elements). Le 
Fort and Valtat have employed them especially in the muscular atrophy 
which is ao frequent after inflEunntations of the joints. They appear to be 
€si>ecially indicated in the peculiar forms of muscular atrophy without 
degenerative proceaeeti and without De R, which mny be attributed to re- 
flex influences (particularly those starting from the joints), to prolonged 
inaction, continued use of surgical bandages, and the like ; the muscles 
present simple diminution of faradic and galTonic excitability. With re- 
gard to the Le Fort- Valtat method of treatment, I refer you to my re- 
marks on page 120. 

A review of our previous considerations shows that we require cliiefly 
the stimulating efiects of electrical currents in the treatment of paralyda 
and atrophy, and nert their catalytic effects (which play the chief part ui 
the fulfilment of the causal indication), but that the modifj'ing effects are 
of minor inipiortance. 

As the same method of application will suffice for ail the indications 
which are to bo met, the electro- therapeutics of paralysis is very much 
simplified. Apart from the methods required by the causal indication 
(treatment of the brain, Eiympathetic, spinal cord, or the lesions of the 
peripheral ncn-es) the direct antiparalytic effects of the current can bo 
secured, as a rule, by simple faradization of tlio affected nerve-trunks, or 
by the labile (most prominently), then stabile galvanization of these 
nerves. In addition, it is sometimes desirable to employ peripheral cu- 
taneous irritation of such sensory nerve- trunks as have not been affected 
by the other procedures. 

These appUcations produce more or less rapid and complete results ; in 
especially favorable cases this may occur after one or more sittings wheo 
the anatomical conditions are of such a character that rapid restoration o! 
conduction is possible or the way for it has been already prepared by tha 
restorative processes of nature. We may then observe the sudden return 
of movements, which were perhaps impossible for weeks and months, as, for 
example, in pitralysisofthovocal cords, hj-sterical paralysis, certain cerebral 
paralyses, mild rheumatic paralysis, even in paralyses which manifest the Da 
B, if the electrization is first employed at the period when regeneration haa 
made a certain amount of progress. But such cases are exceptional and 
the majority of paralyses require more or less prolonged treatment. 

A few remarks will suffice with regard to the electro-diagnosis of 
paralyses, and I will merely give a short riaunif of the subject {lide Lec- 
tures VU-X.). 

We very often expect that electrical examination will give us informa- 
tion with regard to the exact site of the paralysis, but our expectations are 
rarely realized. This can sometimes be done in peripheral paralysea 
when the central part of the nerve is accessible to electrical stimulation ; 

Uus la inezcitable electriooUy, while a more peripheral portion is ex- 



^^Uiia 



1&4 ELECTEO-THKEAPKnnCS. ~ 

citable, tiie lesion must he situated betn'een the two |>oiiit8 of irritatioD 
(eveu this is only available in cases in which complete De B is Dot present], 
Furthermore wo may conclude from the presence of severe distnrbuiow 
of electlical irritability (marked diminution, De E) that no true oerebtsl 
paralysis is present, since these changes occur alone in spinal (including 
bulbar) and peripheral paralyses, A differentiation between peripheral ami 
spinal paralysis, on the other band, is not possible from the electrical ei- 
aminatioQ alone ; but if the paralysis is of undoubted spinal origin yon 
may draw a condusion with regard to the implication of certain parte of 
the groy anterior boms from the presence or absence of the De R. 

Much more important ore the data furnished us by electrical exam- 
ination with regard to the presence or absence of severe degenemtive pro- 
cesses in the paralyzed nerves and muscles, and here th© various fonns 
and stages of the De R ore of the greatest significance, because they fur- 
nish pretty accurate data concerning the histological condition of ibe 
nerves and muscles. For further details on the subject I refer you to tbe 
general part of this work. 

Finally, slighter changes (simple increase or diminution of electrical 
excitability) occur, from which certain inferences may be drawn with re- 
gard to finer molecular and nutritive disturbances which occasionally jus- 
tify important conclusions, although of shght diagnostic value. TbuB, 
alight increase of excitability, which occurs in some ijaralysea a few days 
after their development, in others persists for a long penod, leads us to 
infer the existence of slight irritative processes in some part of the motor 
tract {as in hemiplegia with contracture, in neuritic paralysis, at the onael 
of certain rheumatic paralyses, etc.). In some cases a diminution of «■ 
citability leads us to infer finer nutritive disturbances (from inaction, the 
exclusion of certain tixiphic influences iu some spinal and cei'ebml affec- 
tions which do not lead to De E) ; in other cases, the atrophy of a large 
number of nerve and muscular fibres, such as is observed in bulbar par 
alysis and pi-ogressive muscular atrophy in a part of the muscles ; or, 
finally, there are grosser changes iu the muscles themselves, which cause 
atrophy or other disturbances and thus leotl to a diminution of excitability 
(for example, in the muscular atrophy around diseased joints, in primarj- 
diseases of the muscles, such as lipomatosis, pseudo-hypertrophy and true 
hypertrophy of the muscles, etc.). From all that we know, the existence 
of the De R indicates that tha paralysis or atrophy is neui-otic iu its origin 
(from a lesion of the peripheral or central troiiluc nen^ous apparatus) ; in 
all cases, therefore, iu which marked atrophy and paralysis are found 
without De E, you may esclude their neurotic origin with some certainty, 
and regard them as duo to a primary disease of the muscles ; at all eventa, 
serious lesions of Ibe gray anterior columns or the peripheral tract may 
be positively excluded, although the possibility of another form of central 
disturbance of nutrition ia not entirely excluded (vule pages 73, 7i), 
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Before proceeding to a detAiled consideration of the indiTidoal tormk i 
of paralysis, I will make a few general and practical remarks. 

Central application is niiturolly the main feature Ib the treatment of 
cerebral paralysis ; concerning the method I refer you to Leeturea XV. 
nud XVL In the peripheral treatment of the paralysis we must depart < 
from the principle of applying the An to the site of lesion, on account of ' 
the danger of strong cun-ents to the brain ; in such cases I usually apply 
the Ail to the back of the neck, while the arm oud leg are treated periph^ 
■Uly. As an introduction to peripheral treatment I have sometimes allowed 
feeble, stabile currents to pass from the side of the brain lesion to the op- 
posite paralyzed brachial plexus. Caution in choosing the strength ot J 
current is especially necessary in cerebral paralysis, particularly when re- T 
flex irritation (farado-cutaneous brush) is employed. 

Central treatment is also most important in spinal paralysis ; pe- 
riphend treatment may sometimes be dispensed with entirely, especially 
when the nutrition of the muscles is normal In these cases we may ad- 
here to the rule of applying the An to the site of lesion In the periphentl 
treatment. 

In peripheral paralysis chief consideration must also bo paid to the site 
of lesion ; the special conditions of the case will determine the position 
ttud character of the appUcations ; the differences in eflect upon the motor 
and sensory tracts, the appUcabihty of direct or reflex stimulation must 
not be left out of account 

Very little need be added with regard to the technique of the appliciw I 
tions ; the strength of the current varies with tlie individual cases, and iB ' 
usually chosen so that contractions will be produced ; Uie choice of elec- 
trodes is made according to general principles, in causal treatment as large 
as possible, in peripheral treatment the active electrode being relatively 
smaU. 

The duration of the sitting should not be too gi'eat, since exhaustion 
may otherwise occur. 
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lECTTTEE XXn. 

Electro- tierapculicB of IndlvidnBl Forms of ParalyBil— 1, Paralysifl of the OcoUr 
Mnsclea : PathoReBeflia ; Cusea ; Methods of Treatment ; Rt«ultit— 2. Pualftli 
of the Hnscleii of MBBtioiitiOD<-3. Pajalfsii of tha Facial Nerve— Hhcamilic 
Foim : its Situatioo and Nature ; Condition of Electrical Exoitabilll; ; Fng- 
dobib; CowiE; Methods of Treatment : Resalts— Other Forms of Facial Fiiralfiii 
— 1. ParalyaiB of the Spinal Accessory Nerre— 5. ParalyEia of the UypaglLisbtl 

1. PAB.U.YSIB OF THE Ocular Mcscles. 

Tnia occurs very frequently, either as an isolated nfiiection or ns a part 
Bywptora of serious diseases of the brain aud also the spinal cord. 

The electrical treatiuent must depend upon the most esact diagnods 
possible concerning the form aud distribution of the paralysis, and espe- 
dally the localization of the lesion. The recognition of the paralyms ol 
individual ocular muscles has reached a high grade of perfection. Then 
may be isolated paralysis of single muscles or of individual nerves, partial 
paralysis of the motor oculi nerve ; combined paralyses of all or of two of Die 
nerves, unilateral and bilateral paralysis, and finally bilateral paralysis of 
associated muscles ; in addition, we must difierentiate between complete 
paralysia and mere paresis or so-called insufficiency of the ocular muscles. 

The exact locjition of the lesion may be determined in many cases from 
these relations, from the etiological factors, and &om certain clinical data. 
The lesion may be situated in the orbit (affection of the three ocular 
nerves, the optic and first branch of the trigeminus) or in the middle fossa 
of the skull (affection of the three ocular nerves, and the entire trigeminus), 
or in the posterior fossa of the skull (implication of the trochlearia, abdn- 
cens, facial, acoustic nerves, etc.) ; or it may be situated in the bulbar 
nuclear region, in the medulla oblongata, pons, peduncle (nuclear poralysiB 
of the ocular muscles, implication of muscles which belong together func- 
tionally, non-implication of accommodation and pupillary reflexes, implica- 
tion of other bulbar nerves, alternating paralysis, etc.). Very little w 
known concerning more central lesions as causes of ocular pmidysis ; some 
observations seem to indicate that they may be due to lesions of the cor- 
tex on the opposite side. 

It is of great importance to determine whether the paralyses should be 
regarded aa prodiomata or part symptoms of some other disease, especially 
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through tlie anterior or poeterior parts of the temples or the maetoitl pro- 
ceasea, accoiding to the supposed location of the morbid process ; the An 
is first placed upon the pamlyzed side, but in the majority of coses it is 
also advisable to apply the Ca in the same iocnlity. A very practical 
method of application consists in placing one "medium " electrode upon 
the closed Mils of the affected eye, the other upon the opposite side of the 
neck and occiput A feeble cun-ent should be employed, with stabile ap- 
plication for one-half to one minute in each position. In addition, ton 
may galvanize the cervical sympathetic in the ordinary manner. 

But the main feature in the treatment is the direct excitation of Ibe 
paralyzed muscles by means of the Ca. The An is applied stabile to the 
back of the neck, and the Ca stroked over the closed Ms, the points ot 
application corresponding to the muscles to be affected ; the Ca may also 
he applied stabile for u short time. The strength of the current should be 
such that a distinct burning sensation is felt on the lids, and vigorous con- 
traction of the frontal muscles results upon stroking the temples ; the ap- 
plication to each muscle should lost about half a minute. Tbe"Bnutll" 
Sponge electrode is most serviceable, but the "medium " electrode way 
also be employed. The index finger, enclosed in wet linen, may also be 
used as an electrode, the current being allowed to pass through the entire 
body in order to control its ati-eugth ; this method is more adapted to Ute 
faradic current 

The method of application which I have just described is employed ^so 
for the faradic current ; the current moderately strong, so that vigo<roiis 
contractions occur in the orbicularis palpebrarum ; the electrode is ap- 
plied in the region of the muscle which we desire to Irritate. W> may 
come in closer contact with the muscles by employing a wet brash >s an 
electrode, or a fine olive-tipped electrode, introducing it into tlie conjniirv 
tival sac and bringing it as close as possible to the muscular insertions. 
But this is very annoying to the patient and is insufficient to produce con- 
ti-action of the ocular muscles. Mydriasis, etc., may also be treated in 
this manner with two fine brush electrodes, applied opposite one another 
upon the border of the cornea ; this is best done during narcosta 

In this manner we seek to effect a direct excitation of the paralysed 
muscles and motor conducting paths ; this purpose, however, can only Iw 
eftected in a feeble and imperfect manner, as is evident from th« impossi- 
bility of thus producing contraction ot the muscles. 

The results of electrical treatment are very favorable in many cases ; 
the temporary improvement immediately after treatment is especially evi- 
dent in many instances, the movements of the eyes becoming more free 
and the double images approximating more closely. If this persists, re- 
covery ensues rapidly ; but more frequently the improvement disappears 
and a very long time may elapse before recovery occurs. Finally, there 
are esses in which galvanic treatment, like every other, proves u 
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(the motor root of the trigeminus) is extremely rare. It is produced most 
frequently by intracranial, especiuUy basilar, affectioDB. but luay also oc- 
cur in certain bulbar diseases (Erb) ; it is very rarely due to diseases of 
more ceutral portious of the brain (pons, central ^an^'lin. cort«s, etc, ). 
Atropby, loss of foradic excitability, De B are occasionally associated with 
the paralysis. 

Electrical treatment Is applied in the same manner aa in paralysis o[ 
the ocular muscles : first, causal treatment (galvanic current transversely 
through the anterior or posterior auricular region, or oblicjuely from the 
anterior auricular region to the opposite side of Ibe neck, etc.) and then 
direct excitation of the muscles of mastication vith the faradic curreul, 
with the Ca labile or Ca closures, etc., ut the motor ]>oiuts (Fig. 2!), page 
122) ; the external muscles of mastication (mosseter, temporal) are alone 
accessible. Tbe results depend naturally u^wn the cause of the disease. 



3. Paralysis op the Faciai. HtnvE. 



This forms one of the most treqnent and favorable objects of electro- 
therapeutics, and there is scarcely another form of paralysis concerning 
which we are so well iuturoied. 

This is especially ti-ue of rheumatic &ioial paralysis, the most frequent 
and practically important variety ; its symptomatology, electrical relations, 
and treatment are typical of all other forms of facial paralysis. 

Nothing is more readily recognized than a rheumatic facial paralysis, 
but it is more difficult to determine the site and character of the lesion. 
Tbe symptomatology renders it positive that the nerve-trunk itself is af- 
fected, and pi'obably with greatest frequency in that portion which is sit- 
uatad between the stylo mastoid forameu and the division of the nerve 
into the pes anserinus ; the process may also extend farther into tlie Fal- 
lopian canal, rarely to the geniculate gauglion, and scarcely ever to the 
base of the skull. 

The true character of the affection is still quite obscure, though there 
is very httle doubt that we have to deal with a slight rheumatic neuritis. 
The exposed situation of the nerve in the position mentioned, tlie delicacy 
of the integument at this spot with the absence of protection from a 
growth of hnir, and the tendency to sweating in this region render it explic- 
able that rheumatic influences, affecting one side of the face, should lead 
HO reailily to an inflnmmntion of the nerve. On the other hand the nar- 
row calibre of the Fnltopian canal causes marked compression of tbe nerve, 
irtMn it bss undergone slight inflammatory swelling within the canal 
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'wbile if the process is coufiued to the short stretch outside of the Felk^ 
pian caual, it will produce slighter injury to the uerve. 

Thus, some cases may recover in two to three weeks, in others Utt 
paralysis lasts many months, eveu a year or more, although the symptcmi 
were ideutical at the outset. 

Electrical exmuiuation euahles us to moke a very esjly luid accuistt 
prognosis in iudividunl cases of rheumatic facial paralysis. 

In the lirBt group of cases there ia no change of electrical excitabili^, 
at most a very shght increase for one or two days at the beginning of the 
parulysia The faradic and galvanic excitability of the nerves and mosTles 
also remains normal, both quantitatively and quohtatively, during the fur- 
ther course of the disease. These coses recover in two or three weeks 
(mild form of rheumatic facial paralj-sia). 

In a second group there is no change in the beginning, with the excep- 
tion perhaps of a slight increase of irritabihty, but toward the end of tlie 
first week a shght diminution of the faradie excitabiUty of the nerve auil 
muscles may be recognized, more distinct in the diminution of the maxi- 
mum contraction than iu the later occurrence of the minimum contisetiou; 
this does not increase to luij notable extent, but during the course of tlii' 
second or perhaps the thij\l week, tlie muscles present the chaittcteristii: 
chaugcs of the De B and those ore often very pronounced. Tliis consti- 
tutes the partial De K, The muscles may often be made to contiaut uonn- 
ally (short contraction, predominance of Ca CI C) when the nerve il 
stimulated, but react abnormally upon dii'ect excitation (slow contractioii, 
predominance of An CI C). This form also presents a relatively favorable 
prognosis. The disease recovers in four to six weeks, and rarely continuea 
eight to ten weeks ; the mobility ia often rostoi'ed almost completely be- 
fore tlie changes in tlte gali-anio in-itabiUty of the muscles have tli»- 
appeared. Recovery is complete without the development of subse- 
quent contracture and spontaneous spasmodic twitchinga in the niuseles 
(medium form of rheumatic facial paralysis). 

Finally, a large number of cases belong to the third group, wbiob at 
once presents oU the symptoms of complete De R. The prognosis is then 
decidedly unfavorable, as these cases always require a very long period 
for recovery. The first traces of returning mobility do not begin until 
the lapse of two or three months, and several months may further elapse 
before recovery is nearly complete; this does not occur usually until 
after a certain stifiiiess of the paralyzed side of the face, contractures, 
muscular twitcljings, etc., have persisted for some time. This may occupy 
from six to fifteen months and traces of the former paralyais may often 
remain visible forever to the exi)6rieuced eye (severe form of rheumatic 
facia] paralysis). 

We are therefore able, at the end of the first week, to give an almost 
absolutely certain prognosis with regard to the duration of tlie 
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If tliere is no dimioution in the irritability of the nerve at the end of tbfl J 
first week, the disease wiH last two to three weeks, and four to eight weeks M 
if the irritabihty is slightly diminished ; finally, if there ia marked di- 1 
minution of excitability at this time, it will last at least four to twelva \ 
mouths. 

There is no doubt that the variable course of this affection depends 
upon the varying severity of the leaion, and that tlie iiitter depends in 
great pnrt upon the location of the morbid process. If the latter occurs J 
outside tlie Fallopian canal, serious compression of the nerve is net poaav- 1 
ble, the lesion re mams slight and rapidly disappears ; if it extends intol 
the canal, the interference with conduction becomes complete, not only 
the mot«)r but also the trophic conduction is entirely prevented and the 
TariouB grades of De R make their appearance. 

I The following cases wiU serve as illustratious of this frequent affection : 
55. Personal ot>«ert>ation. Bheiimatic /ncial paralysis (mild form). -~K 
nan, aged twenty-four years. Tor six days has bad rheumAtic paralysis 
of the right facial nerve. Uvula and velum palatl straight, no disturbtmce 
of taste or hearing. ElectricAl Irritability of the nerve and muscles en- 
tirely normal. Galvanic treatment : first traces of returning mobility on 
tb6 tenth day ; complete recovery on the eighteenth day. 

66. Pergonal observation. Itheumaiic facial paraiyna (mild form). — A 
porter, aged forty-one years. Acquired right facial paralysis a week ago 
troia exposure ; complete paralysis of all facial branches, reflexes abol- 
ishml, no disturbance of taste, velum palati unaffected. Faradic and gal- 
vanic excitability entirely normal. Galvanic treatment. Considerable 
improvement on eleventh day ; recovery almost complete on seventeenth 
day ; discharged cured on twenty-third day (after five sittings). 

57. Personal observation, llheumalic facial paralysis (moderale form). — 
A forester, aged forty-oue years. Suffering from left facial paralysis, the 
result of exposure. Status on the eighteenth day : complete left facial 
paralysis. Uvula and velum palati normal, no disturbance of taste. Par- 
tial De R (sUght diminution of irritability of the nerve to both currents, 
characteristic increase and qualitative change of muscular excitability, viz.. 
An CI C > Ca CI G, increased mechanical irritability). Galvanic treatment 
employed and patient discharged cured on tlie sixty-fifth day. 

58. Pttrso'tal observation, lihetanalic facial jmrali/ais (vioilcrateform). 
A student, aged twenty-one years. Has had left rheumatic facial paraly 
for four days ; all the fuci^ branches paralyzed, uvula and velum palati 
nonuul 1 hearing normal, 'disturbance of taste on left anterior half of 
tongue. Electrical excitnbihty still normal On the seventh day dis- 
tinct diminution of faradic excitability of nerve-trunk, no trace of De R. 
On the thirteenth day faradio excitability still more diminished, espe- 
cially in the mental branches : distinct degeneration reaction in the muscles 
of the chin ; traces of returning mobility in the frontAl muscle. At the 
end of two and a half months mobihty in distribution of frontal branch 
entirely restored, very deficient in muscles upon upper jaw and chin. 
Taste restored. Partial De K especially distinct in the muscles named. 
Galvanic treatment again resumed (after intermission of two months) and 
nooveiy ocoiured in four weeks. 
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59. Personal observation. Jlheumatic facial paralysis (severe /o^^l^^ 
A woman, aged sixty-two years. Seen on second day, aft£r sudden difr I 
currence of right rheumatic facial paralysis. Complete paralysiB of all bcial 
branches ; uvula and velum uormaL Complete l>e B developed in a tjin- 
cal manner. Oalvanio treatment (Ca labile along the nerve and muBclea, 
An behind the ear) begun at once. On tha sixty-sistb day, first tnce of 
mobility in frontal muscle. On the one hundred and forty-fifth day, im- 
provement is quite advanced, but shght contracture of the lausclea has de- 
veloped, especially around the angle of the mouth. Very alow progress of 
recovery. At the end of thirteen months disease is still recognizable by 
the impaired mobility of the muacles, contractuie and spasmodic twitch- 
ings. 

60, Personal observation. Jlheumatic facial paralysis (netvre form). — 
A man, aged thirty-six years. Came under observation five days after the 
sudden development of right facial paralysis. Complete paralysis of the 
facial branches, implication of the auricular, disturbance of taste, alight 
hyperacuais, velum palati normaL Complete De R developed in next two 
weeks. Galvanic treatment (twice a week). First traces of mobilih- ia 
frontal muscles two months later; recovery almost complete aftfir the 
lapse of three additional months ; alight contracture pereieted. 

The first feature of the electrical treatment of rheumatic facial paraly- 
sis is the direct treatment of the lesion itself ; this is best done by meaiu 
of tratisverae conduction of the galvanic current through the auriculo- 
mastoid fossio or the petrous portion of the temporal bones, in order to 
i-elieve the neuritis ; then stabile application of the An (especially in re- 
cent cases), followed by longer or shorter application of the Ca ; the sitting 
should last one or two minutes with a current of G to 10 elements. 

Tlie removal of the obstruction to conduction in the nerve is not to 
simple, because the current cannot be applied with certainty to the prosi- 
mal side of the site of lesion. But, fortunately, we have at our disposal 
an extremely effective reflex are, which facilitates greatly the production 
of stimulation oa the proximal side of the lesion. The trigeminus is en- 
tirely intact, anil between it and the facial uerve is a direct reflex connec- 
tion, which is kept in constant use by innumerable physiological processes. 
Every vigorous stimulation of the facial branches of the trigeminus must 
therefore give rise to an active centrifugal excitation in the trunk of the 
facial nerve. For this reason, peripheral faradization and galvanization of 
the face may be of decided benefit. 

This method will also fulfil the final indicotion, viz, : the removal of 
the finer and grosser nutritive disturbances in the paralyzed nerves. This 
is useful in the mild and moderate forms, but it can by no means prevent 
the progress of degenerative atrophy in severe cases ; however, it may has- 
ten the restoration of the muscles in such caaes, and should, therefore, not 
be omitted. 

Tliis peripheral treatment — with the galvanic current — consists in the 
application of the " medium " An behind the ear of the paralyzed Htdfl^ and j 
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tlie "small" Ca labile along the muscles and nerve with sufficient vigor. 
First stroke the plexus onserinus and its chief branches, thfn the individ- 
ual muscles ; it is advisable to treat the Drbiculoris pnlpebrarum directly, 
in order to increase its tonus, by stroking the hda and closing them by 
gentle pressure with the electrode. The strength of the current should 
be such that vigorous contractions occur togeUier with a distinct burning 
sensation above the eyeuds (6 to 10 elements are usually sufficient) ; dura- 
tion, one to tluree minutes. 

The peripheral foradic treatment is similar in character ; in the mild 
imd moderate forms the individual nerve branches and muscles should be 
directly stimulated ; in the severe form no muscular contractions will 
ensue, and the strcngtli of the current then depends upon the sensations 
of the patient, which should be quite virid. 

The results of treatment vary greatly according to the severity of the 
case ; you should never expect to be able to convert a severe case into a 
moderate or mild one. 

The severity and average duiation of the affection ore fixed and cannot 
be much affected by treatment. However, I believe that iu the mild and 
moderate forms electrical treatment will hasten recovery, and, in severe 
forma, prevent the incurability of the atTectiou, further complete restora- 
tion, and antagonize the development of secondary contractures and spus- 
iDodic conditions. 

Electro-therapeutics ia usually 4uite powerless aguinst secondary con- 
tractures in the face, especially those of long-standing ; I have employed, 
without effect, stabile and labile galvanization, faradization of the antago- 
nists, etc Tou will bo compelled generally to resort to other procedures 
I mechanical extension, massage, etc.). 

The electrical treatment of the other forms of focial paralysis does not 
require a long explanation. These forms may be produceil in various 
ways, which must give rise to certain modifications of treatment. The 
causes include inflammations of the [)arotid gland or eryBipelas, traumatism 
(incised wounds, operations, pressure of tlie forceps during delivery), le- 
sions of the x>etrous portion of the temporal bone and the base of the skull 
(otitis media, caries, fractures of tlie temporal bone, hemorrhages, tu- 
mors, aneurisms at the base of ^e skull), or an affection of the facial nu- 
cleus in the medulla oblongata (in bulbar paralysis, etc.), of the tract of 
the facial nerve in the brain (in apoplexy, cerebral hemiplegia), and, 
finally, of the motor centres of the facial in the cerebral cortex (in ab- 
■cesseB, tumors, etc.). The symptomatology of the paralysis, its combi- 
nation with various other disorders, and the condition of electrical excitability 
an dependent upon the localization. In pure cerebral paralysis, the elec- 
trical excitabiUty is entirely intact ; in bulbor paralysis, simple diminution 
at excitabihty may be present in the affected facial branches and some- 
I partial De B can be demonstrated ; in basilar and other forms of 
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peripheral parttlysis the electrical excitnbility may ^firy : De R (putia] or 
complete) is usunlly present, sonietiinea airaple iliminution, very nrelj 
increase of escitability, and etiJl more rnrelj- the latter remaina intact 

There are certain inodiflcatioiie in the electrical treatmeot of these 
forms of paralysis, occasioned by the eituatioD of the lesion. The latter 
must be the chief object of electrical application ; this is effected in pe- 
ripheral traumatic lesions at the spot in question, and iii affections of the 
petrous portion of the temporal bone, the ear, and the base of the skull. 
in the same manner as in the rheumatic form ; in bulbar paralysis, tiuu- 
versely tlirough the mastoid processes, or obliquely from the ant«rior an- 
ricular region to the opposite side of the back of the neck ; in true cerebnJ 
diseaee, employ the appropriate methods of applicatiou, such aa have been 
described before, together with galvanization of the sympatlietic. Tbi 
peripheral treatment, whether faradic or galvanic, may be the same in all 
these cases. 

i. Pakalvbis of the Spinal Accessory Nerve. 

This affection is rare, especially the implication of the external brandi 
of the nerve, which is distributed to the steruo-cleido-mastoid and ti*- 
pezius muscles. The paralyses of the inner branch, which auppliea llie 
larynx, pharyngeal muscles, and a portion of the velum palati will be dis- 
cussed at a later period. 

Paralysis of the sternocleido mastoid and trapezius is readily recog- 
nized, but its cause and the exact site of the lesion cannot be determined 
always with certainty. It may occur with or without atrophy of the hjub- 
cles, with or without De R. You will have to deal most frequently with a 
peripheral lesion of the nerve, either within or without the spinal canal, 
next in frequency with a bulbar lesion ; not infrequently it is a part- 
symptom of progressive muscular atrophy, especially of the "juvenile" 
form, which has been previously referred to. 

The electrical treatment is carried out according to the principles laid 
down with regard to facial paralysis, modified merely by the situation of 
the lesion and the affected muscles; causal treatment, therefore, througli 
the mastoid processes, or galvanization of the cervical portion of the spine, 
etc., then direct peripheral treatment in the well-known positions. 



6. PAXALTSIS OF THB HtPOOLOSSAL NeBTK 

This occurs not infrequently, but is usually a portr^ymptom of central 
affections, as in progressive bulbar paralysis, and very commonly in ordi- 
nary cerebral hemiplegia, more rarely in cortical leaiona The diagnods 
of the site of the lesiou can be readily made, in most cases, from the gen- 
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eral sjiDptomatology. Periphera] paralysis of the hypogloesal nerve may 
also otxur (from injurieB, ojierations, pressure of tuiuorB, cicatrices, etc.), 
but hfia no great practical significaDoe. 

Id purely cerebral pai-alysiB of the hypoglossus, atrophy of the tongue 
does not ensue, nor ia there any change of electrical excitability. But as 
Boon as the nuclei of origin iu the medulla oblongata are affected, or the 
peripheral tract of the Iiypogloasus involved, atrophy of the tongue is 
never absent, and diminution of the electrical excitability of the organ and 
even De B may be observed. Brenner noticed the latter in a case of din- 
sion and in another of compression of the nerve. I have observed partial 
De R in progressive bulbar paralysis. 

The treatment is applied according to general principles : direct, ac- 
cording to the location of the cerebral lesion ; (rhen situated in the me- 
dulla oblongata, either transversely through the mastoid processes, or the 
Ca is applied to the motor point of the hypoglossus {vide Fig. 29, page 
122} and pressed deeply below the angle of the lower jaw, the An being 
applied high up in the neck. 

In the peripheral treatment by means of the galvanic current the An 
ia also applied to the neck, the Ca in the position jast mentioned, either 
labile or with repeated cathodal closures ; or the Ca is applied directly to 
the tongue, cither protruded or lying on the floor of the mouth. It ia 
then advisable to employ an internipting electroile which is insulated as 
Ear as the sixtnge. In the external application, movements of deglutition 
are also produced, and these prove beneficial to some of the muscles of the 
tongue. The same electrode may also be used for the faradic current, 
with which you may either stimulate the trunk of the nerve in the position 
referred to, or cause contractions in the tongue directly. The current 
should always be sufficiently strong to produce distinct coutractioos. 
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LECTUEE XXm. 

Electro the re peatics of Individual Forms of ParalfBiB (Continiied) — 6. PftndrMa d 
the Nack &Dd Trunk : Patbogenesis ; Caate ; Metboda of Treatment — 7- PaialTiea 
of the Upper Limba : PatbogeDesiB ; Symptonifttoiog}' ; Eleouo-diaguosia ; Caara; 
Methods of Treatmetit ; Reaaltd— S. ParaljBes of tbe Looer Limba : Pathoeaneni 
aod Individual Varieties ; Electro-dtagnoaiB ; Cases ; Methods of Treatment ; Be- 
eulta. 

G. pAEiLYHEs OF THE Neck akd Tbtok. 

Undeb this hendiag I include the isolated or cotublned paralyses of aD 
muscles of tbe trunk, of the thoracic, back, and abdominBl muscles, espe- 
cially the larger and Bmoller muscles moving the scapula, the exteuBore of 
tbe neck and back, and finally tbe most important muscle of iuspinitioii. 
viz., the diapluugm. 

These ai'C not, on the whole, very frequent forms of paralysis ; some d 
them may be entirely, isolated, and due to traumatic or infIamn)atoi7 
lesions of the nerves, to compression from diseases of the vet«bnB. etc. 
Usually, however, we have to deal with more complicated cases, with eom- 
biaed paralyses of Tarious muscles and groups of muscles, as eymptoros of 
centTol, especially of spinal diseases. These muscles are paralyzed and 
atrophied with relative frequency iu progressive muscular atrophv, espe- 
cially in the juvenile form, in which the most remarkable combinations of 
atrophy occur in these parts ; in the typical form, on the other hand, the; 
generally do not occur until the later stages, and the paralysis of the dia- 
phragm is then uoteiu frequently of fatal significance \ paralysis of the mus- 
cles of the back is also not infrequent in so-called pseudo-hypertrophy of 
the muscles. 

Some of these paralyses are of considerable importance with regard to 
the patient's ability to work (aa paralysis of the serratus, tlie dorsal exten- 
sors, the diaphi-agm), while others produce insignificant disturbances and 
deformities, which are quite thoroughly compensated by the vicarious 
function of intact muscles. It will be impossible to enter upon a mor« 
detailed symptom otology in this place. 

Nor can much be said with regard to the electrical relations of these 
paralyses ; with few exceptions {serratua, rhomboids, levator anguli scap- 
ulae, dinphragm) a direct examination of the muscles is aloue possible, 
although there are some motor points which may be employed. Occasion- 
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ally n sitnple diminution of electricnl excitability occurs, ia other cases 
markeil degeneration reaction, and at times no change can l>o found. 
This depends, aa a matter of course, upon tbe location of the cause of par- 
nlysia and requires no further exphmntiou. 

Gl. Observation by 0. Berger. Paralystaqf the right lerratusmagmis, afler 
i'jphoid fever. — A soldier, aged twenty-six years. Taken sicli with ^]>hoid 
fever ; toward the end of the fourth week sudden violent pains developed 
in the region of the shoulder, and radinted into the arm and along the 
nxiUary space ; at the same time a sort of " paralysis " developed in the 
right arm, which could no longer be raised to the vertical position. The 
pains gradually subsided. Sixth months later, an isolated complete par- 
alysis was found in the right serratus mognus muscle. All tlie other 
muscles appeared unaffected ; no anieatheiila, pressure on brachial plexus 
not painful. The serratus appears very slightly atrophied ; the faradio 
and galvanic excitability of the muscle and its nerve is moderately dimin- 
ished. Electrical treatment ; galviuiio current through the long thoracic 
uerve to the muscle ; local faradization of the muscle ; marked improve- 
ment developed after a short perioil of treatment. At tbe end of two and 
a half months the arm con be raised rendily to an angle of 120" ; tlie elec- 
tricnl excitability has improved. Complete recovery was not effected, 
however, by continuance of treatment. 

C2. ObteTKViion h\j Ditchenne. Paralyeis and atrophy of the diaphragm 
cured by faradization. — A mechanic, aged twenty-five years. Suffering 
from progressive muscular atrophy ; marked difficulty of reapiralion, es- 
peoially in walking and on the slightest exertion. Beversal of the respir- 
atory tj'pe occurs upon forced breathing ; at each inspiration, the eptgae- 
trium and hypochondriac regions are retracted, and protruded during 
expiration. This svmptom, which had lasted two weeks, was attributed 
to poreaiB of the diaphragm. Regular faradization of the phrenic nerves 
relieved the symptoms in a few weeks ; respiration became normal, and 
the patient could return to work. 

63. Personal ob!>ervalion. Progrf^ive muscularatroph}/ f Juvenile form). 
— A man, aged forty-four years. Noticed, in his fifteenth year, that tlie 
right arm became weak and emaciated, but he was always able to work. 
For a year past, increasing feebleness of \-arious movements of the upper 
limbs, and also a diminution in the jKiwer of the lower limbs ; no pains or 
paritstbesia. November, 1880, examination sliowed weakness and atrophy 
of the muscles of the neck, and trapezii and latissimi dorai ; pamlysis 
and atrophy of both serrati ; the lower portions of both pectorals have 
entirely diaappeareLL Tbe deltoids are very well developed, the left bein^ 
decidedly hyperti-ophic, as are also the supraspinati and infrospinab. 
Flexors and extensors of arms, especially the right, atrophic end paretic. 
The muscles of the forearms (witb the exception of the supinator tongus) 
and hands entirety iiormaL The extensors of the back, on both sides of 
the spine, verj' atrophic and paretic ; corresponding tordosia of the lum- 
bar spine ; waddling gait ; vreaknesa and wasting of the right gluteal 
muscles ; weakness of both ileo-psoas muscles, especially the right ; par- 
alysis and atrophy of right tensor vagintc femoris ; paresis in entire dis- 
tribution of both peroneal nerves, complete paralysis of tibialis anticus. 
Electrical excitability of the atrophic muscles markedly diminished ; no 
I of De H Oalvanic current applied to the bock, nloug the entire 
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o complete inactivit)' of the entire limb, with or withoat atrophy, een- 
Bory, vasomotor, or trophic diattirbaDceB. 

These forma of paralysis are very important because they give rise to 
importact disturbances of function and seriously interfere with the useful- 
nesB of the patient, They are also very intei-esting ou account of their 
manifold etiological relations and their signilii'ance as sj'uiptoms of an 
entire aeries of important central diseases, not less ou account of the ad- 
vauced devcdopment of their symptomatology and diagnosis, and the man- 
ifold character and results of electro'therapeutic measures. 

I will confine myself, however, to a short sketch of these features, siuca 
the previous general remarks render detailed consideration unnecessary. 

The etiological factors of these paralyses, which are of jirime import- 
ance with reganl to the choice of the method of appUcation, are verj- mani- 
fold. I Vrill premise that paralysis of the upper limb is a very common 
feature iu the symptomatology of central diseases ; it plays a part in 
every cei-ebrul hemiplegia, and may occur in all possible diseases of the 
spinal coril, such as acute and chronic anterior poliomyelitis, amyotrophia 
lateral sclerosis, multiple sclerosis, cervical myelitis and meningitis, etc 
Much luoro frequent and varied are the peripheral paralyses of the upper 
limbs. They are produced most frequently by traumatic iuDuences, such 
as Him[>le pressui'o and external compression, which.very often cause par- 
alysis of individual nerves (" sleep " paralysis, " crutch " pai'alysis), incised 
wounds, blows, gunshot wounds, fractures and dislocations, surgical ap- 
pliances and operations. A series of paralyses of tlie upper hmb are due 
to exposure, others to neuritis of certain nerve-branches or of the brnclual 
plexus ; a not infret^uent cause is indammation of the joints, especially of 
the shdulder and elbow, which leads in part to neuritic paralysis, iu part 
to muscular atrophy with corresponding paralysis (especially in the del- 
toid). Finally toxic paralyses (particularly lead palsy) are apt to be loo>^- 
ized in certain ueuro- muscular tracts of the upper limbs. 

The symptomatology depends upon the situation, localizatiou and 
extent of the cause of paralysis ; if tlie circumflex is alone affected, 
paraljrais of the deltoid occurs with its well known effects upon the 
ability to raise the arm ; paralysis of tlie musculo- cutaneous interferes 
with desion of the forearm (from paralysis of the biceps and brachiotis in- 
temus) though not completely, because the supinator loiigus, which 
is m flexor of the forearm, often acts ricAriousty to an astonishing ex- 
tent ; paralysis of the radial (most frequently the so-called "sleep" 
paralysis) annihilates the function of all the muscles on the extensor 
aspect of the forearm (estensors and supinators) in a characteristic and 
typical manner, and also the function of the triceps when the lesion is 
aitoated higher (" crutch " paralysis, dislocation of the shoulder); paralysis 
o( the median interferes with flesiou of the wrist and fingers, pronation 

J the action of the thenar muaclesj while paralysis of the ulnar renders 
11 
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difficult the ulnar flerion of the hand and flexion of the last three fingew. 
and paralyzes the muscles of the Lypothenar eminence, the interosaei and 
the adductor pollicia (impossibility of extending the last two pbaUngea, 
main ea giiffe). In all these paralyses sensory disturbanceB of the neire 
and its sensor^' distribution may be present and contribute considerably 
to a more accurate diagnosis. 

The electrical examination of paralyses of the upper limb affords wry 
valuable data in several respects. In the first place the exact sit« of Uie 
lesion may be frequently recognized by the fact that the peripheral por- 
tion of the nerve is still excitable while the centi-al part is ineicitable on 
accoimt of the obstruction to conduction, as for example in compression 
paralysis of the radial nerve ; indeed, the peripheral character of almost 
all peripheral paralyses of the arm may be demonstrated in tlua manner 
by the ineffectual ii-ritation of the brachial plexus in the supraclavimilar 
fossa, provided that complete De E has not entirely destroyed the inita- 
bility of the nerves. 

Electrical examination also furnishes you with the usual information 
concerning the presence or absence of gross nutritive disturbanceo in the 
paralyzed nerves and muscles, from the presence or absence of the De B. 
This informs us concerning the severity of the lesion and not infrequently 
concerning its cause (for example, in radial paralysis, in which the ordi- 
nary compression paralyses usually present normal excitability, whila 
complete De B generally occui-s in lead palsy). All possible grades of 
De R may be observed, the complete form in severe traumatic or neuritic 
paralysis, lead palsy, infautUe spinal paralysis, the partial form in more 
mild compression-paralyses, progressive muscular atrophy and amyotrophic 
lateral sclerosis, while in verf shght compression-paralyses (for example, 
in " sleep " paralyses) and in those whose origin is located in the upper 
cervical cord or brain the electrical excitability is entirely intact, or, at tlie 
most, presents slight diminution, in very rare cases a shght exoggeratiOD. 

In addition to those mentioned above, there are a number of forms of 
combined paralyses, in ivhich sevei-al nerve tracts are affected at the sam« 
time or in which the more or less numerous paralyzed muscles belong to 
TOrioua peripberial nerve branches (probably to a certain tract in the 
roots of tho brachial plexus or to a definite spot in the spinal cord). The 
former includes the paralyses (often very extensive) following luxations of 
the shoulder and elbow joints and fractures of the humerus, and the 
majority of central paralyses of the arm ; the latter embraces many cosea 
of progressive muscular atrophy (especially the juvenile form), advanced 
cases of lead palsy, certain forms of paralysis after delivery, and the com- 1 
bined "shoulder-arm" paralysis (deltoid, biceps, brachiolis internus, 
supinator longua and infraspinatus) first described by me, and which is 
usually situated in the I'oots of the brachial plexus starting from the fifth 
and sixth cenical nerves (in tho region of or above the ao-called aopHk- 
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clanciilar point, vide Fig. 29). perhaps also io the correspoDcling ptirta of 
the anterior gray columna of the spinal cord. The remarks previously 
made couccraiug symptomatology antl electro-diagnosis also apply to 
these combined paralyses. 

I refer you to the histories of cases mentioned in previous lecttir(.fl 
/ObscrvntioDs 5, G, 8-12, 16, cases of paralysis of the upper limb from cere- 
bral diseases ; ObserTstion 34, chronic anterior poliomyelitis ; Observation 
35, progressive muscular atrophy ; Observation 37, ulnar paralysis ; Ob- 
servation 38, combined " shoulder arm " paralysis ; Observation 39, deltoid 
paralysis ; Observation 40, paralysis following dislocation of the humerus ; 
Observation 41, radial paralysis), and may confine myself, therefore, to 
the recital of a few instructive cases. 

C4. Personal ob/ierocUion. Paratym'g of Ihi^ hfl miiscith-ctilaneotu neroe. — 
A roan, aged thirty-seven years. Jtay 20, 1879, upon getting up he notioed 
numbness on flexor side of left forearm and weakness of the left arm ; 
cause unknown. 

June 3d. — The sole distinrbanre ii very marked interference with 
flexion of left forearm, which is only eSected by vigorous contraction of 
the supinator longna ; the bice])S and brachialis intcmus are completely 
paralyzed ; coraco- brachialis normal. Distinct dulnesa of all yorietiea 
of sensation in the forearm in the distribution of the external cutaneous 
nerre; Electrical examination : Normal contraction of the muscles on 
the right side may be obtained by irritating the supraclavicular point ; 
on the left side, the deltoid and supinator longus alone contract, the 
biceps and brnchiahs internus remaining flaccid. At alater period partial 
De H occurred in the flexors of the forearm, (iaivanic treatment at 
the supposed site of lesion, then irritation of the supraclavicular point 
and peripheral galvanization of the muscles. Improvement soon oc- 
curred and the patient was discharged cured after eight to ten weeks. 

65. P'Tfontti obneroalion. Traunuilic paralysis of the left median and 
vi»jtcnlo-rulan''oiia nerixi'. — A soldier, aged twenty four years. Wounded 
August 4 1870 ; tract of wound from anterior half of left deltoid to im- 
mediately underneath the angle of the left scapula. Auiesthesia and 
paralysis (with severe pains) in entire diatribufion of left median nerve ; 
also paralysis of biceps and brachialis internus (inner halft. 

October 8, 1870. — Very marked paresis of all these muscles, diminished 
sensibility in median distribution to the hand ; modemto atrophy of the 
tDUHcIes and great tenderness on pressure. Complete De R in median 
distribution, partial De R in biceps. Galvanic treatment in supracla- 
Ticular region, then Ca labile along the nerves and muscles ; immediate 
improvement of mobility. Fourteenth sitting, sensibiUty of fingers ro- 
atored ; flexors of forearm act normally ; no very great improvement in 
the median distribution. Patient left after twenty-one sittings. 

66. Pcrsoiiat obseniation. Paresin of thf right rifnor nfnwr.— A man, agod 
thirty-four years. A year ago suffered from similar affection which waa 
relieved by the galvanic current after a few sittings. For three days has 
bad feeling of numbness, antesthesia and weaknes.'^ in right hand. Sens»- 
tion markedly diminished in distribution of middle cutaneous nerve to 
forearm and ulnar nerve to hand ; mobility impaired in ulnar distribution. 
Oalvanic treatment : An to the ulnar nerve above the ellx>w, Ca sfabUe 

labile to the skin and muscles. After a short application, sensibility 
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iryury. — A bnker, aged thirty-eight years. Fell upon the extended left 
arm atid the left shoulder. luipuired power of moTuig the arm forthwith, 
and niunbuess of aboulJer and upper half of arm. 

Jidy 20, 18G7. — Complete pariilyais of left deltoid, biceps, and brncbioli* 
internua. Complete De R of paralyzed muscles, especially the deltoid. 
Galvanic treatment : An to plexus and cervical cord, Ca labile along tha 
paralyzed nerves and muscles. In a few days improvement in dexors of 
forearm, which slowly progressed ; deltoid rapidly atrophied. Patient 
discharged after tweuty two sittings ; biceps and bracbialis intemus very 
much improved ; deltoid still completely paralyzed. (Six weeks later spon- 
taueouB improvement began in this muscle, with final recovery.) 

72. I'eruoital obteroation. Combined nhoulder-arm, parali/eis from neuritiB 
of the bracliial plexus. — A boy, aged seventeen years. Two .months ago 
affected with partestheaia in left thumb and index finger ; diminisbed seu- 
satinu and motion in these fingers ; in two weeks, pai-alysis of shoulder 
and arm. 

December 1, 1866. — Complete paralysis of deltoid, biceps, bracbialis 
intemUB and supinator lougus, probably also supinator brevis ; pai'alysia 
in distribution of median nerve to forearm and hand. Electrical examina- 
tion shows partial De R in paralyzed muscles. Galvanic treatment : An 
stabile to the brachial plexus, Ca labile (and with closures) to paralyzed 
nerves and muscles. After the tenth sitting : flexion of forearm normal ; 
flexors of fingers, thenar muscles, and supination very much improved ; the 
deltoid also begins to act. Complete recovery after thirty sittings. 

73. Pemonal olwroalion. Traunxalic paralysis of the radio], meilian, ai>d 
ulnar neraes-^A. soldier, aged tbirty-eight years. Wounded August i, 
1870 ; gunshot fracture of upper third of right arm. 

November 4, 1870. — Complete motor and sensory paralysis of right 
forearm and hand. Complete De R in distribution of radial nerve ; fara* 
die and galvanic escitabiHty pretty well retained in ulnar and median dis- 
tribution. Immediately after the first application of galvanism (An to the 
neck, Ca hibile peripherally, etc.) sensibility returned to a certain extent 
is the median and uhiar chstribution, and slight movements (which were 
previously impossible) could be performed by the flexors. Rapid improve- 
ment in next few days, and (November 7th) feeble movements appeared in 
radial distribution. The stiffness of the joints interferes somewhat with 
motion, but improvement mode favorable progress. 



The method of electrical treatment of these paralyses dejwnds, in the 
first place, upon the most exact possible diagnosis of the situation and 
character of the lesion causing the imralysis ; when that is known, the ap- 
plication should be made to the site of the lesion : in cerebral pni-alysia 
the applications should be mode to the head and svmpathetic {vide Lec- 
tures XV. and XVI.), in spinal paralysis to the cervical cord aud svmpo- 
thetic Ivide Lectures XYIII. and XIX.) ; peripheral , paralysis {vide Lec- 
tures XX.) requires treatment of neuritis, traumatic lesions, affections of 
the ahoiUder-joint, cicatrices, etc.. by the well-known methods. With 
regard to the frequent compression-paralyses of the radial nerve, which 
interfere so much with the use of the hand. I will here make mention of 
_E, Bemak's statement that the most favorable results are secured in many 
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I to aUempt this plan iu all suitable cases, and to prdi 
a of the nerve- trunk!! iu the axilla, or stiQ beUi^ 
In order to fulfil oil the indicationa iovolnj 
I, removal of finer and groaser nutritive diaCn 
w), tlie nerve-trunks and mtiades thrao] 
k ihonld be subjected to vigorous electrical axeiMii 
^ to ills weD-kfiown metLoilsof local faradization {HdePi^ 
■d SE) : tk>> baUa good with regard to central bs well aa pcripbcnt pM 
^^& k a> '*T*-"'* to determine whether any influence ia piwluupl \ 
■Asastiaaak Aoo^ this is not improbable ; at all events in jmnif^ 
■nrf airva^ &• pcnpbeial stimulation of the nerve-1 
Mfimnk «3 Ai nmeUuDg towEuil relieving the o1 
T*™*"*^ aad T^ry probably mny also exert a r^ex eflbet ■ 
utarbaKto aiai tike obatmction in them, 
ft i* vammK^mrr to enter into a detailed consideraliaa of Ab 



that when contracture ot the aal^gVBMto i> j 

bamiidegia, infoutile spinal paraljaiB, dc l sbI >■ 

of the paralyzed nnacles, it as «•■ to nfi 

mechanically, and then to atianiite ft* I 





; that the results of 
Tbey are most fatorabla 



■tg— milWiBl mix 

yiM^viiW ^Bk iMkwmbla in severe traumatic pi 
at MaWili* ««itp& mac^ leas favorable in qnnal 
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S. PUUUSES OF THE LoWXB 1 



111 Um iamw MdnnitiiH the conditiona mlh npal n 
mudt Bmipler tbaii in the i^per limbs, ihhn^gh it«ea^ 
i)tiei)tly an<l in manifold oombinationa, toA m im^^mi fm 
vidunl niiiwira and tiuma, combined paialjiwii ^ to toad ] 
and Tory oft«a of both limbs (par^il^a). ]■ t 
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^^ralyaes of central origin are of paramount importance, especially tb« 
apinnl pamlyses, wbilo cerebral varieties, despite their frequency (in bemi- J 
plegia, etc.), occupy the background becauao they often improve rapidly, I 
and are not felt so Beverely by the patient ' j 

Almost all diBcascs of the spinal cord lead to motor weakness or 
marked paralysis of the lower limbs (the various forms of myelitis, espe- 
cially acute and chronic poliomyelitis, sclerosis, acute ascending paralysis, 
progressive muscular atrophy, compression and concussion, meningitis, 
etc) ; and almost all these forms are very often the object of electro- ] 
therapeutic measures. 

The long peripheral course of the nei-ves, within the spinal canal, in I 
the pelvis, and finally along the extremities, gives rise to a great number 
of possible causes of peripheral paralysis ; fractures, dislocations, inflam- 
tnaiion and caries of the vertebne. lesions of the pelvis and pelvic organs^ I 
mechanical effects of severe inllammations may give rise to paralysis. In I 
addition, all possible mechanical oud traumatic influences, which affect tba I 
nerve-trunks in the limbs, inflammatory, exudative, and other processes in 1 
the large joints are frequent causes of such paralyses ; finally, wo must I 
inentiou neuritic affections of these nerves (rheumatic and neuralgic neu- 1 
ritia, after acute diseases, etc.). I will also mention that the lower limbs 
ore affected by paralysis in the so-called pseudohyiwrlrophy of the mua- 
dea and in the much rarer true muscular bj-perirophy. 

It is not my office to enter in detail into a consideration of the symp- 
tomatology of these various forms of paralysis. I will merely state tlmt 
in paralysis of the crural nene the flexors of the hip-joint (psoas magnus, 
etc) and the extensors of the leg [quadriceps, etc.) are chiefly affected ; 
this also occui-6 in au isolated manner iu psoas afieetions and in acute an- 
terior poliomyelitis ; partial paralysis and atrophy of this nerve are also 
found not infrequently in progressive muscular atrophy, especially the ju- 
venile form. Paralysis of the obturator nerve affects chiefly the move- 
ments of adduction of the thigh, and is, on the whole, quite rare. Paraly- 
sis of the gluteal nerves alTects chiefly the movements of abduction and 
rotation, then fixation of tlie pelvis in walking and standing ; it is moat 
frequent in progressive muscular atrophy and pseudo-hypertrophy. Par- 
alysis of the sciatic nerve occurs most frequently, eitlier of tlie entire trunk 
or its two chief branches ; the peroneal nerve, involving the anterior mus- 
plea of the leg, or the tibial nerve, involving the muscles of the calf. Al- 
most all spinal paralyses begin in the distribution of this nerve, and itJi 
gr«at length and exposed position also give rise to great frequency of 
peripheral lesions in its course. 

Electrical examination is only available to a limited extent ; this holds 
true especially in determining the exact site of the lesion in peripheral 
paralysis because very large portions of the aflecte<l nerves are not aoces- 
libU to direct electrictd excitation, since they are situated within the pel- 
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■Mteof tlu 1 
■■ Attk Ub oeeon also in verj nuny 
■■I b* tokm into eoosiilenUioa in 
1 be ptieahriy aotad tlut the pre»- 

J MtdflT or trophie cbuiges in tba in- 

m —I T— e— ilmfy tin ^ital origin of the pon^yBia. 

Itead S* K B A» BfcMimt. wt m&cqaandj in the lower extremttiia 
iwaAoiiB inB of dnme pofioBT^ili^ eeftan penpbeial pnmlfwfl, {vo- 
pwwt» — «rf» a Uwyhj, etc.); bat in tme and falao muscubu- brper- 
fenpfrf iDii B tba jmtsile form of progre^ive niueculur ntroplij, Bim|ils 
■ihni— *i— af rieetritaJ excttabilitj- is alwajs found without qualitatiTO 

I viD nport incs^ a tew examplea of these paralraeB and refer 500 
to tim fntioaaj repMted ObBerrationa 5, 6, 7, 11, lS-22. 32-31. 45, and 
to Obsmationa 82-Sl, 86-68 which will be described later. 

74. Fenoaal obaerralion. Paresi» r/ the crural nerve (chronic n^ttritiif). 

A man. ^ed thirtT-nine ^reara. Sufiering about one and n half jean 

from noiiRit paina in the left hip and buttock, extending to the IcOM ; 
Ihfiir gvMhaOr subsided, and were followed by a feeling of beanneaa in 
^fcn Ktfih with' marked weakness during the last few montha. A acolb 
ago, after exertion, had seTere pain in entire left lower limb, e^tcva^jr aft- 
tvior surface of thigh ; the limb bos since grown considenbljr wmkvnd 
•maciated. 

Apnl, 1869.— Left thigh distinctly atrophied asd flabby : inm\ w ti 
lott qoadricepa; diminished sensibility on inner, anterior aqwal off tU^^T 
electrical excitabibty slightly diminished. Oahanic treaimcDt : tt^Sa 
currents through the spinal column ; then Ca Ubile aloog tfaa h 
muscles and the antestlietic portion of the inte(;nment, tfa* Am a d 
of the back. End of May ; continued marked iiD[mn^ 
fert-uce of the left thigh has increased one and imfc a M c 

e(Tcr of tb© limb markedly increase.1; numlxMn ata 
aatment discontinued after aiity-live sittinga. 

75. I'lrrmnal obsermiion. Pare^ of the nykl aniOcmtrtm ; . 
1/ Ihe ntif mim^lrs.— A miamged forty-three y eaja. Hash— > 
mr aiiuilar affection and rapidly cut«d by titttnai "hnA ; «| 
with noiiiplaint of weakness in right fxA a&i hfr «tt oatteaM m 
oatJiin of fciot and call 

Norember. ISTi— Patient dn«s tW b^ tag imiMt te 1 
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_^ jbt toes. Distioct pnresis of muscles of right c»lf ; eome weokneES ia 
distribution of peroaeitl iierve, also in posterior tbigli muscles ; crural dis- 
tribution normal. Electrical excitability uuchunged. Circumference of 
right calf two centimetres loi'ger than that of left. Giilvanic treatment : 
elements labile from small of back througli the sciatic nerve ; imme- 
ite impi'ovement Aft«r two more sittings, patieut so much relieved 
it he stops treatment. 

76. Personal obsermtion. Paralysis in the distribution of the right pefO- 
teoi neroe (neiirilis ?). — A woman, a^ed twenty-ais years. Sick since July, 

18G6 ; non-appearance of menses, followed by formication and weakness of 
right foot ; dragging of toes. 

May 18, 1867. — Paresis in distribution of right peroneal nerve ; com- 
plete paralysis in tibialis anticus alone ; uensibility diiniuished upon entire 
anterior surface of leg and the dorsum of foot. Circumference of right 
leg one centimetre lesa than that of left. Electrical examination shows 
complete De R in tibialis nnticus, simple diminution of excitability in 
other affected muscles. Galvanic treatment : stabile and labile currents 
through lower part of spine, then Ca labile .through the sciatic and pero- 
neal nerrea and their muscles. 

July 2l)th (after eighteen sittings). — Mobihty almost normal ; shghi 

inution of sensibility still present, 

77. Penonal obner nation. Paralysis nf the left peroneal nerve from the 
'.rization of a bed-sore. — A girl, aged nineteen years. During an attack 

if typhoid fever had severe bed-sore over sacrum, which healed after sup- 
purating for months. It was finally noticed that the left leg was par- 
alyzed ; at times, severe pains started from the back, shootiiig through 
the limb into the peroneal distributiou. The patieut came under treat- 
ment three months later. 

June, 1873.— A large deep cicatrix upon the buttocks, deeper and 
firmer on the left side. Almost complete paralysis of entire distribution 
of left peroneal ; sensation normal, Cii'cumference of left calf three and 
a half centiroetres less than that of right calf. Complete De R, late 
stage. Galvanic treatment : 24 elements An and Ca stabile through the 
cicatrix ; then An to the cicatrix, Ca labile through the neiTe and 
muscles. 

August 12th. — The patient was discharged ; improvement has made 
distinct, though slow progress, Excitabihty of pei-oneal nerve has re- 
turned to a slight extent. 

78. Personal ohservalion. Traumatic paraJyais of the left jy^oneal nerve. 
— A man, aged thirty-four years. In a railway accident, Decenibei- 21, 
1872, the left leg was contused in the popliteal space in the immediate 
neighborhood of the head of the fibula ; immediate paralysis and aniesthe- 
sia of the left leg and foot (not the sole). 

January 25, 1873. — Complete paralysis of entire distribution of left 
peroneal nerve, weakness of posterior tibial distribution. Sensibility 
somewhat diminished on dorsum of foot, quite normal in leg. Left caU 
two centimetres smaller than riglit. Complete De R in perone^ distribu- 
tion : simple diminution of excitability in tibial distribution. Gatvanio 
treatment : stabile with both poles through the site of contusion, then Ca 
labile through the muscles. Traces of mobility returned at end of March, 
first in extensor longus digitorum, then in the peroneal muscles. Im- 
provement made steady progress and patient was discharged cured, July 
20th ; mobility good, but power not yet entirdy nonuaL 
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The methods of treatment are easentUUv the same as in the upper 
limh. The causal application must be made to various parts, according to 
the site of the lesion, and apecial attention must be paid, in this respect, 
to the ti'eatment of diseases of the epinol curd, articular affections, pe- 
ripheral nerve lesions, etc., according to the well-known rules. B« 
especially careful with regard to the proper localization of the cuirent 
upon the diseased portions of the spinal cord. 

The further treatment, with direct application of the current to the 
paralyzed nerves and muscles, must be made accoi'ding to general prin- 
ciples ; the possibihtj- of vigorous action above the site of lesion sinlta 
into the background, because the plexuses are almost inaccessible to the 
current. In suitable cases, however, jou may attempt to stlmuhite the 
nerve-trunks of the cauda equina within the spinal canal by means of very 
strong currents and large electrodes (Ca CI and changes of pohuity, vide 
page 54) ; or stimulate the sacral plexus in the rectum, which can readily 
be done by a rectal electrode, U»e other being api)lied upon or nert to 
the sacrum, or upon the point of exit of the sciatic nerve. In all applica- 
tions to the largo nerve-trunks of the lower limbs, especially in the upper 
portions, it is advisable to employ large electi-odes and relatively strong 
currents. The An should be applied to the lumbar region, the Ca to the 
nerves and motor points, in siich a manner that a large part of tlie couree 
of the nerve is situated in the trar.k of the most dense portion of the cur- 
reni Tlie crural nerve raay be accurately reached in the groin, the 
sciatic nerve immediately underneath the gluteus maximus, and the latter 
nerve may be treated labile in its whole course along the posterior aui^ 
&ce of the tliigh by stroking it vigorously with the Co. In the popliteal 
space, the peroneal and posterior tibial nerves may be stimulated with 
the greatest facility (uide Fig. 33). In cases in which the nutritive con- 
dition of the muscles requires special consideration you may also resort 
to forodic or galvanic excitation of the muscles according to the well- 
known rules. 

Reflex effects are much more available in the lower extremities than in 
the upper. Numerous reflexes, particularly from the sole and dorsum of 
the foot, the anterior and inner surface of the thigh, the groin, may he 
obtained and employed under certain circumstances in the treahnent of 
paralysis (according to the general principles laid down on page 190), II 
will be rarely necessary to resort to faradic brushing of the integument in 
the positions referred to above ; ordinarj' faradic or galvanic stimulation 
of the nerve-trunks and labile excitation of the skin with moist electrodes 
will siiflSce for this purpose. 

As a matter of course the results of electrical treatment depend chiefly 
upon the causes of paralysis. The prognosis is very poor in severe spinal 
diseases, but good resulla are often obtained in chronic anterior poliomyel- 
itis, in traumatic, neuritic, arthritic, rheumatic, and compreaBion-par^^M' 
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Baetra-tltenpeDUoa of Individual Forms ot P^rftljiit [ooneliuloii)— 9. Pualyria of 
tha Velam Pftlaii and Pboryox ; Poruljiiiia of Do^luUtion : F>thogen«iii ; Cuei ; 
Methods ol TceatmsDC -10. ParalfsU of the Lnryngeal Masclos; Poraljuis ol tha 
Tooal Cords : Charutei oiid UetbCNk ot Ti:<;>tmeDt ; Peroutuneuos &nd Eudo- 
laryngeol Application ; Beaulla— II. ParalysiB of Reapiratioo ; ArUBoiftl Bes|iiM- 

ttioa; lUifthmicnl FaradiiaCioa of the Phtenica— 13. Diphtheritio PanUjti*: 
PathogeuesiB and Symptoms ; Caaea; Kleotiical Treatment i GolTaniiaUon of the 
Heart; Oeiult* — 13. Lead Polay and other Toiie Paralyaes: CliaraatenaticH ot 
Lead Polsf ; Electrioal Eioitabitit; ; Sitoatiun and CbaraoCer of the Duarder; 
Uethud of Tteatment— 14. Muaoulor Atrophy and Hyportrophy: Pure); Hoscu- 
UrAttopby; Atrophy in ArCicular ASeulioni; CMea; Treatment; Hnsoulal 
Hypertrophy ; CongeniLal Mfotonia, 
; 



. PAUunn or the Velum P.il.»ti and Phabtsi ; P.vB.\LTai3 or Dbo- 



pARALTSiB of the velutu palati is characterized by nasal speech, diffi- 
Ity ID the pronuncitition of certaiii letters, dlsturbaDce of tlcglutiUon 
and regurgitatioD of fluids through the nose, and ia recognizee! ou inspec- 
tion by immobility during phonation and abnormal jwaition of the velum 
palati and m-ula, and also by tbe absence of redcx movemeute on touching 
these parts ; it may be unilateral or bilateml, confined to individual 
muscles or diffused over all. It ia often a part-ayniptom of paralj'sis of 
the facial nerre (at the base of the sknll) or the trigeminus, or a sequoia 
of tliphtherio, or a symptom of bulbar paralyses, oocaaioually of cerebral 
hemiplegias. 

Parulysia of deglutition, from paresis and paralysis of tlie pharyngeal 
oonstrictors, is sometimes a part-symptom ot cerebral paralysis, but la 
most frequently either a sequela of pharii-ngeal diphtheria or a symptom 
of bulbar paraiysia It is characterized by difficidty or linpoasibdity of 
deglutition, by tbe fact that food "goes the wrong vmy," atid by the al^ 
Msnce of vigorous retlei contractions upon mechanical irritation of t 
walls of tbe pharynx. 

As a rule, it is not difficult to recognize tbeae disturbances, but it ia 
often difiicidt or impossible to determine tbe degree of implication of the 
individual muscles or uerve-brancbes. 
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Sor doea electrical examination furnish much inforraation in this re- 
gard, since iaolated escitatiou of the individual muecles can be imperfectlj 
performed. In some cases nothing abnormal haa been found ; in otherB, 
simple diminution of excitability {bulbar paralyais) ; in otliera De B ((or 
example, in diphtheria, in which it was first observed by Ziemssea). Sot 
many attempts have been made to examine the pharyngeal muacles direotly 
with electricity ; on the other hand, the reflex development of movements 
of deglutition {vitle page 55) may be difficult or impossible in paralyaB of 
deglutition, bo that very strong currents become requisite {in progressiie 
bulbar paralysis). 

A few observations may serve tte iUustrations of the treAtment and its 
results: 

79. Personal observalion. Paresis of the \-elum pdati. — A girl, aged 
seven years. Had presented symptoms of the disease from early childhood : 
nasal twang in speaking, and inabiUty to pronounce certain letters, espe- 
cially «, c, X, etc., because the air escaped through the nose, and the* 
sounded very much lilie n. Examination showed alight paresis of tbe 
velum palati ; while drinking, fiuid occasionally escapes through the nose. 
Child never had diphtheria ; is well otherwise. Treatment ; galvanic cur- 
rent transversely through the anterior auricular region and longitudinally 
from the back of the neck to the clieeks and the floor of the niuuth ; slow 
improvement. Later, direct faradization of the velum polnti, and system- 
atic eserci&e in the pronunciation of the s sound. Cured in about fifty 
sittings. 

80. Observation by M. liosentkal. DiphlherUic jmrahjgii nf the wfiim 
palati, Ike tensor of the choroid, and the uphinder of the pHpil.^A girl, aged 
twenty-two years. Had diphtheria ; suffering from difficulty in deglutition, 
frequent regurgitation of fluids ; indistinct, nasal speech ; paresis nf the 
right half of the velum palati. Paresis of accommodation ; right P<^ 
dilated, and reacts poorly. Velum palati and pharyngeal reflesea niarKedly 
diminished ; electrical examination showed De R Local galvanic treAtn 
ment of the velum and the production of movements of deglutition cund 
the nasal speech and the disturbances of deglutition within n week. 

81. Personal observation. Diphtheritic paralysii. — A man, aged twen^- 
five years. Had diphtheria from June 29 to July 12, 1867. A few daya 
later, renewed difficulty in deglutition, but without pain ; regurgitation of 
fluids through the nflse. Some weakness and tremor in the Uiubs ; dimin- 
ished power of vision ; difficult, slightlj- nasal speech. 

July 18th. — Mobility of velum duiing phonation tolerably good, but 
slightly defective on the right side ; sensibility very markedly dimini^wd ; 
reflex escitabiUty entirely absent. Distinct diminution of fai-adic and gal- 
vanic escitabihty of the muscles of the velum palati. In drinking, fluids 
enter the nose, desrlutition disturbed. Sight not so good, e^jeaally for 
distance ; pupils differ slightly, and react elowly. Galvanic treatment 
transverely through the cheeks, cervical sympathetic, and direct application 
of the Ca to the velum palati. 

September 2d {niiei eighteen sittings). — Patient discharged in a toler- 
ably good condition. 

Also see Observations 16 and 17 (difficulty of deglutition as a result of 
bulbar diseases). 
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The method of treatment of these parnJvses shoulil be selected wiflj 
regoiil to tlie causal lesioD, i.e., the applicatioiiH Buitahle to bulbar a 
cerebral diseases, to paralysis of the facial nerve, etc. ; m diphtberitii 
paralyses the stabile galvanic currest should be 
passed, (or a few miuutca, transversely through 
the region of the velum pnlati and phoryus (troiis- 
Tersely through the cheeks in front of the ear or 
through the auriculo- mastoid fossie). 

In paralysis of the velum palati we may also 
employ direct faradization or golvaiiizatiou, by 
which contiaction of the paralyzed muscka \vili 
be protluced in a direct as well as a redei man- 
ner. The electrode should be catheter- ahaped, 
insulated to the Up, which should be small and 
round, and coveretl with fine sponge or chamois ; 
it is well to tiave an interrupting handle (Fig. 
39). The tip of the electrode is applied to the 
various parts, the mouth being kept wide open, 
and deep respirations taken through the mouth ; 
the current should be sufficiently strong to pro- 
duce distinct contractions iu the tongue or the 
muscles of the Upa, if they cannot be produced 
in the velum itself. The anode is applied to the 
uock, the duration of the appUcatlon being one to 
three minutes. 

In paralyais of deglutition the some electrode 
may be employed to produce direct and redes con- 
tmctions of the pharyngeal muscles. But this 
method is somewhat inconvenient, and it is there- 
fore better to employ the method, previously de- 
scribed (pa^e 5o), of producing reflex movements 
of deglutition from the neck. Stronger currents 
are rtjqtiired tlian in healthy individuals, and the 
Btren^h should therefore be increased imtil Ca 
CI or Labile application of the Ca is followed by 
a distinctly visible or audible movement of deglu- 
tition. About ten of these movements should be i 
produced at each sitting. As the muscles are 
eadly exhausted in bulbar paralysis, it ia advisable, in this affection, I 
allow on inter^'al of a few seconds to elapse between the individual acts o 
deglutition. 

The results of treatment depend mainly upon the primary cauae of Um i 
diseajse ; they are, at the most, palliative in bulbar paralyses, but so mu^ 1 
more brilliiuit in other forms, especially diphtheritic paralyses. 
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13 Paealysis or the Laryngrai. Muscles ; Paralysis of the Vocal Coriis ; 
Paralytic Aphonia and Dybphonia. 

More recent studies in larj'ugology have disclosed the great b^uencr 
of paralytic conditiona in the Inryngea] muscles, vhich may be either iso- 
lated or vaiiously combined. 

Ab a naatter of course, the situation of the cause of paralysis is of prime 
importance with regard to the tlierapeuticmeasures— whether in the laryn- 
geal muscles ov the most adjacent motor nerve branches (in catarrh, uleer- 
ution, new formations, cold, over-esertiou) ; or in the laryngeal nerves, 
which may be affected in various ways (diphtheria, neuritis, compression 
by tumors, scrofulous growths, aneurisms, injuries, operations, cicatrices, 
etc.) ; or in the trunk and roots of the pneumogaatric or spinal accessory 
(diseases of the vertebree, tumors at the base of the skull, or in the neck) : 
or, finally, in the central organ itself (bulbar paralysis, hemorrhage into 
the medulla oblongata, pons varolii, or other parts of the brain, etc.). Id 
some cases, especially in hysterical paralyses, in the rare toxic and inter- 
mittent paralyses of the vocal cords, we are entirely in the dark with re- 
gard to the site of the lesion. 

With respect to the symptomatology, I will state that leaion of the 
superior laryngeal nerve causes paralysis of the muadea of the epiglottis. 
insufficient closure of the glottis, paralysis of Uie crico-thyroid mascle, and 
aniesthesia of the upper half of the laryni, while a lesion of the inferior 
laijngeal uer\'e causes paralysis of nil the other laryngeal muscles, and 
aniFsthesia of the lower half of the larynx. This paralysis may be unilat- 
lateral or bilateral, involving the entire nerve or individual nerves or ma*- 
des. Most frequent and important is the unilateral total paralysis of Ihe 
recurrent laryngeal and, among the isolated muscular parnlyseo, bilateral 
paralysis of the arytenoideus posticus, and the very frequent parnlysia of 
the internal thyro-arytenoid muscles, the muscles proper of the voosl 
cords. Further details may be found in the test-boots on laiyngology. 

Electrical examination of the Inryngeal muscles and nei-ves is not prac- 
ticable in the majority of cases. Ziemssen states that he Las succeeded in 
testing the electricol excitability in very rare cases, and that Le has found 
normal as well as diminished escitability, and also the De R. 

The first point of application in the treatment will depend upon the 
site of the lesion (transversely through the mastoid processes, through the 
brain, cervical cord, etc., application of one or both poles upon sites of, 
compression, cicatrices, neuritis, etc., in the peripheral course of the 
nerves). But this is usually insuificient, especially since, in many cases, 
we are entirely in the dart with regard to the real situation of the lesion. 
It is then proper to apply the direct antiparalytic effect of the electrical 
current to the entire nervous and musculai' apparatus of the larynx. ^^^^ 
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1 mfiy reeommend percutaneous escitation of the larynx and bU its 
nerves as a tnetbod xrhicli should be tried io all coses, eitlier with U)e gal- 
vanic or faradic current. In employing the former, the An ie placed high 
up in the neck (in order to l>e as near as possible to the origin of the 
pneumogastric and spinal accessory nerves) while the Ca ("small" or 
" medium " electrode) is stroked labile from the angle of the lower jaw 
niong the laryns ond trachea and in close proximity to them, or repeated 
cathodal closures may be made over all these various parts, both laterally 
and anteriorly ; this is done from one to two minutes on both sides. The 
pueumogaBtric, inferior, and superior laiyngeal nerves are thus brought 
within the range of the densest part of the current. If you desire further 
to stimulate the larj-nx \-igorouBly, apply " medium " electrodes on each 
Intend surface and make repeated closures and changes of polarity. From 
eight to twelve elements will usually be entirely sufficient for this purpose. 

With the taradic current the same method of application is employed, 
the An in the neck, the Ca("small"or "fine" electrode) at the angle of 
the lower jaw, at the side of the larynx below the comer of the liyoid bo06 
(superior larj-ngeal nerve), then pressed deeply along the aide of the tm- 
chea more inferiorly (inferior laryngeal nerve), finally upon the larynx 
itself and transversely through it with very strong currents. 

There is no doubt that vigorous stimulation of the nerves is possible 
in this manner. 

But if this method does not produce the desired result, you may em- 
ploy endolaryngeal or more properly endopharj,-ngeal electrization. The 
previously mentioned laryngeal electrode is used, or one of Zicmssen's 
double electrodes which a<lmit8 the introduction of both poles into tha 
pharynx. The strength of the cui-rent should be such that distinct con- 
tractions are produced in the frontal muscle by faradic or galvanic excitn- 
tion of its nerve. In imipolar excitation the indifferent electrode ia placed 
upon the bock of the neck. The circuit is not dosed until the electrode 
is placed iu the required position ; its action must usually be restricted 
to a few seconds in each position. 

The following are the chief motor points : superior laryngeal ueire^ 
electrode in the pyriform sinus, pressed somewhat against its anterior wall 
by raising the handle ; transverse arytenoid muscle^ electrode upon the 
posterior surface of the arytenoid cartilages ; lateral crico-arytenoid muscle 
— deep in the pyriform sinus posteriorly and iufenorly : external and in- 
ternal thyro -arytenoid muscles— same aa before, but tlie tip of the elec- 
trode pressed downward, inward, and forward ; posterior cricoarytenoid 
tniMcle — electrode uixin the posterior surface of the arytenoid cartilage 
and laterally behind the cricoid cartilage ; thyro -cpi);lot lie and aryepi- 
glottio muscles — upon the lateral ports of the base of tlie epiglottis. 

This form of trenttnent meets in practice with the greatest difficultiea 
Great skill and experience are requisite before treatment can be begiu, 
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and each application is followed by gagging, vomiting, temporary aphauit, 
hoarseness, ptttn in the neck, etc., eo that this plan should only be adopted 
it the percutaneous method has failed. 

Whether the admirable reeults obtained by Moritz Meyer in hrateriral 
and other forms of vocal cord paralyaia by the application of the fanuUc 
moia {vigoTOus stimulation with a stationary brush) are secured in a rdkz 
manner alone, con not be determined with certainty, since he applies Uie 
brush to the integument covering the larjns itself and in this manner the 
current may entei- the organ. Meyer has seen frequent recoveries after 
one sitting. 

The therapeutic results in these paralyses are usually moat strildng in 
80-caUed b\'Bterical aphonia— the voice is often restored in a few minates, 
after it had been extinguished for weeks or months. As a rule, howerer. 
the recovery is not persistent In catarrhal and rheumatic paralyses, and 
in those forms due to over-exertion, the prognosis is also very good, es- 
pecially in those cases in which true paralysis is not present but merely 
"atony of the vocal cords" (Gerhardt). In the remaining forms tho re- 
sult depends upon the character and severity of the lesion. 



11. Respir-woks PAiLU,TaEs; Asphtma; Artificiai. REapoiATioit. 

For the sake of completeness I will refer to certain cases of paralysia 
of the respiratory function, which are due, in great part, to inescitsbilitr 
of the respiratory centres and are known under the terms trance and at- 
phyxia. The electiical current is sometimes seniceable uuder such oott- 
ditiona 

I do not refer to the possible effects of the current upon the centra 
themselves, but rather to the production of arti6cial respiration, by measa 
of which life may be prolonged until the respiratory centres ag'aiu resume 
their independent automatic ftinctiou and respiration occurs spontoneoudT. 
This can be done very readily and continued for a long time without act 
injurious effects. 

Artificial respiration may be effected by rhythmical faradization of tie 
phrenic nerves and other nerves in their vicinity ; as in ftsjjbyiia fron 
coal gas, illuminating gns, chloroform or opium, also in profound intoii' 
cation, in the trance of drunken and frozen individuals, or of the new-bom. 

1 have previously (page 124) given a short description of the method of 
application ; I will add that the An should not be placed too low npon tha 
abdomen and should be as largo as possible, in order that the icspirBtoiy 
descent of the diaphragm be not interfered with by the contraction of Q>* 
abdominal muscles. If you have stimulated the porta for some time aid 
the respirations occur regularly, you should allow an interval to elapse ia 
order to observe whether i-espiratious will not occur spoDtaneously ; if tlua 
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is not Uie case, artificial respiration ahould be performed again, and la 
this luaouer it taaj be continued for a number of boura, even for a day or 
more. 

Wietber It ia not well to alternate gnlvonic excitation occasionally 
witb tbe bradic, or to attempt to increase tbo excitabiUty of the respira- 
tory centres by tlie occasional passage of a vigorous galvanic current 
through the cervical cord and medulla oblongata, I will leave undecided, 
as I have had no personal experience in these conditions. 



12. DiFRTBEnmc P.^aju-iBie. 

As tbe result of diphtheria, either of the pharyni or of other parts of 
the body, jMiralysea occur not infrequently ; these may be located in various 
portions of the body and are characterized iu a very striliing manner by 
the peculiarity of their localization and the consequent oombinatiou of 
paralyses. Tbey geneiiUly begin one or more weeks after tbe cessation of 
the diphtheritic process and gradually advance, sometimes even to a fatal 
termination. 

Tbe earliest and most constant affection is that of the velum palati and 
pharyngeal structures, and is evidenced by tbe nasal speech, dieturbonoe 
of deglutition, regurgitation through the nose, defective closure of the 
larynx, and anKtstliesin uf the ]>nrts with absence of redei action. Paresis 
and paralysis of the external and internal ocular muscles (mydriasis, paraly- 
sis uf accommodation) are not infrequent ; also dbturbances of the heart's 
action, strikingly slow or accelerated pulse, cardiac weakness progressing 
to cardiac failure ; furthermore, paresis and paralysis of all possible 
moscles of the trunk and bmbs, with or without sensory disturbance, not 
iuirequently with atrophy and various onomaUes of electrical excitability, 
and occttsiunally weakness of tbe sphincters; finally, a form of ataxia 
vfaich reproduces more or less completely the symptomatology of tabes 
dorealis (aua-stheaia, panesthesio, absence of tendon reflexes, etc.) but is 
usually accompanied with distinct paresis, chiefly in the lower hmbs. 

A series of recent anatomical investigations have given us information 
with regard to tlie character nud localization of these varied paralytic symp- 
toms ; they include bemonhages, iiiflammations, and degenerations in aQ 
possible ports of the central as well as peripheral nervous s^-stem (int«rsti- 
tia] and parenchymatous neuritis in the peripheral nerves and spinal nem 
roots, tneuingitia and myebtic changes, especially anterior poliomyelitia, 
hemorrbages into tlie brain, spinal cord, and peripheral nerves, etc.) — pro- 
oosMs which take a Enrorable or unfavorable course according to their 
localixatioD and intensity. 

Electrical examination also affords correspondingly variable results: 
tht mntability of tbe paralyzed nerves and muscles is often found un- 
15 
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cLanged, sonieUmes simplj dimioisbeil, and not infrequentlj De B is pr^ 
sent. Tbe latter tiaa been observed nioet frequently in the paralyzed jial&t- 
ei muscles but may also be preseut in di^ilitberitic paralyses of ibe face 
and extremities. I will now furnish a few illuBtrationa (vide also Obser- 
vatioDB 80 and 61). 

82. Persor)al observaiim. Diphtheritic paralysis ; aiaxia. — A stadent, 
aged twenty-two years, had diphtheria in August, 1879 ; a few weeks later, 
difficulty in deglutition, then weakness and uncertainty of the limbs, pants- 
thesia and anit^sthesia of the bands, slow action of tbe heart. Snd ol 
October, 1879 ; difficulty in deglutition from paresis of tbe mueclea of tbe 
velum palati ; pupils tolerably wide, with fair reaction, slight insufficiency 
of tbe internal recti ; slow action of tbe heart, pulse sixty ; distinct ataxia 

' of tbe arms, numbnesa and anfpsthesia of the hands ; a somewhat uncer- 
tain gait, shght ataxia and distinct weakness in tbe peroneal distributitm ; 
vfhile stfljiding can not elevate the tips of the toes ; electrical escitability 
distinctly diminished ; sensibility of the legs good, cutaneous reflexes nor- 
mal, patellar tendon reUexes normoL Galvanic treatment of sympathetic, 
Hpinal cord, and peripheral nerves and muscles with very good results, and 
patient had quite recovered at beginning of December, 1879 ; walks for 
hours without difficulty, no weakness in peroneal distjibutjou ; patellar 
tendon reflexes vigorous. 

83. Personal observation. Diphtheritic paralysis ; aiaxia. — A girl, ^ed 
nine years. Had severe diphtheria in beginning of October, 1S76, &id 
of October, paresis of accommodation, insufficiency of tbe interna! recti, 
pupils normal ; paralysis of the velum palati from which no reflex action 
can be obtained. Galvanic applications transversely through tbe msstnid 
processes and from the neck to the eyes. Insufficiency of int«mal recti 
almost disappeared by November 7th. Feebleness and uncertainty of tlie 
legs now developed, with continually increasing ataxia of all tbe limbs 
and parwstbeeia ; entire absence of patelloi- t«ndon reflexes. Despite gal- 
vanization of tbe spine and the sympathetic, the disease made further 
progress and distinct motor paresis made its appearance, chiefly in the 
upper limbs but also in the left facial nerve and in tbe legs ; no diminu- 
tion of sensibility. At tbe end of November, 1876, tbe disease reached its 
acme and then began to improve slowly ; the mobility of the velum palati 
first returned, then the gait improved and the ataxia of the legs disap- 
peared ; finally the ataxia of the upper limbs also diminished. 

February 1, 1877. — The patient was discharged almost entirely well, 
hut the tendon reflexes were still absent and did not return until four 
weeks later. Complete recovery. 

84. Obeerxxition by R. Schuh. Diphtheritic paralysis ; ataritt- — A hoy. 
aged eighteen years. Had diphtheria during Easter, 1877. Two weeks 
after recovery he observed a disturbauee of vision, nasal speech, and diffi- 
culty in deglutition ; then increasing weakness In the arms and legei 
numbness nf tlie soles of the feet. 

Middle of July, 1877. — Pupils normal, vision poor for remote and near 
objects, paresis of the right internal rectus ; speech very uasal and otat- 
lerinp. Paralysis of the veliun palati ; distinct paresis of the limbs, es- 
pecially on the right side ; cutaneous and muscular sensibility intjict ; dis- 
tinct but slight ataxia of the arms and legs, absence of the patellar tendoD 
reflexes. The large nerve-trunks and the sympathetic ore tender on preM- 



SPECIAL ELEOTKO-THEnAPEimCS. 

lire. Hectric&l pxammation shows moderate diminution in the individual 
Dorve-trunka, bat no De R. Galvanic treatmwit transversely through the 
mastoid proceases, from the neck to the e^'es ; galvanization of the spine, 
direct treatment of the limbs and velum palati with the Ca labile. Paresis 
of aocomiuodation improved after six sittings, and paraljsia of internal 
i>»;tua and of the velum palati completely relieved after twenty sittinga ; 
paresis and ataxia of the Umbt) relieved In a few further dttinga. The 
patellar reflexes were still absent when the patient was discharged. 

85. Pernonat observation. Diphlherilic paralyeU. — A girl, aged twenty- 
two years. Had diphtheria of the pharynx seven weeks previously, soon 
followed by distinct weaknesa of the voice, which constantly increased ; 
then difficulty of deglutition with regurgitation of fluids through the 
. nose. For past month, feeble vision, especially for near objects. For the 
past week, formication in hands and feet. Status : nasal speech ; very 
feeble, somewhat hoarse voice, paresis of left vocal cord ; paresis of ac- 
eomuodation, slow pupillary movements ; marked pareHia of left half of 
velum piUati, less of the right ; aniesthesia of these parts with loss of re- 
flex action. No objective disturbance of motion or sensation in the limbs. 
Electrical examination showed marked De R in the velum palati. Oat- 
vanic treatment transversely thi-ough the mastoid prooesses, cervical 
symiMthetic, and spinal cord ; direct treatment of the velum palati with the 
Cb labile. After ten sittings, velum palati very much better, sight some- 
what improved. Very slow progress of improvement, so that patient was 
not discharged in a satisfactory condition until after forty daily sittings. 
At a later period, complete recovery ensued. 

The method of electrical treatment of diphtheritic paralyses presents 
no peculiarity, but a certain manifold character on account of the numer- 
ous locolixations with which we have to deal. According to general prin- 
ciples, the site of the lesion must first be detcnniued=— whether in tlie 
muscles and peripherol neries, in the roots of the spinal nerves, or in the 
■pinal cord and brain— and the choice of the method of application deter- 
mined accordingly. In other respects the direct treatment of paralysis of 
the ocular muscles, o( deglutition, the diaphragm and the extremities 
should be made in exactly the same manner as I have previously described. 

In the treatment of weakues* of the heart — which, as it seems, may bo 
eflected either through the eicitomotor paths or the pneumogastric nerve 
— electricity may also be employed provisionally. Ziemssen found in a 
{latient in whom the anterior wall of the thorax hod been removed by an 
operaliun and a large part nf the heart exposed (covered by the integu- 
ment alone) that it was possible by means of strong galvanic currents to 
exercise a direct influence upon the vigor and form of the contractions, 
•nd also upon the frequency and rhytbuk of the heartbeats, t.«., a direct 
vtimulatiiig action upon the motor gani^tiotiic apparatus of the heart. He 
found that regularaml frequent interruptions of strong currents increased 
the normal frequency of the beats, and nlso that such an increase cnnld 
ba produood by the action of a strong, uninterrupted current upon certain 
■ rfUf surface of the ventricles. On the other hand a retardation of 
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the lieart'a Action coiilil not be secured with tbe same oertainlr and nigu* 
larity. Similar results coir also be obtained wben the tboracic walls aro 
intact. Tbe method is : tbe use of large electrodes, one applied to tbe 
cardiac region, tbe other to the doreal Tert«brtc, and then a current of 
great intensity applied with frequent changes of polarity (Bcveaty to eigh^ 
per minute). 

In diphtheritic heart faUure we may also recommend galTuuzntioti of 
tbe cervical coi-d and the medulla oblongata and irritation of the pneumo- 
gastric and sympathetic in tbe neck in a luaoner similar to that deacribed 
in tbe treatment of tbe larynx (page 223). 

Tbe results of electrical treatment in diphtheritic poroliF-sia are, on tb« 
whole, very favorable, but uometimes wo are unable, despite every effort 
to prevent tbe progress of tbe ])nra1yHis and tbo fatal termination. Under 
ail circumstances, however, we must expect treatment to be continued for 
weeks, and often for months, before recovery occui-s. 

Simitar principles govern tbe treatment of other imraljBea after bcu1« 
diseases (typhoid fever, cholera, dysentery, acute exanlbemata, csiiedollT 
BmoU'pox, puerperal fever, intermittent fever, etc.). In these forms, also, 
we have to deal with a varied pathogenesis and localization (peripheral, 
spinal, or cerebral), with severe or slight lesions and all their conse- 
({uences and symptoms. The electrical treatment depends ujmu tbe cir- 
cumstaucea surrounding each cose. 
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13. Lead Palsv asd other Toxic Pasaltsbs. 

Tlie electro-tberapeutiat is brought in contoct very trequi 
paralyses due to chronic lead poisoning and these are very ii 
many re.spects. As they interfere greatly with the patient's 
they present no slight practical importance. 

As a rule, paralysis is not one of the early manifestations of lead pois- 
oning ; it is uBUiilly preceded by other sj-mptoms, especijdly repeated At- 
tacks of colic. At all events the patients must have been subjected lor a 
long time to the deleterious action of the lead. 

Lead palsy occurs most frequently in a perfectly distinct and Epical 
form as estensor paralysis of one or both forearms, tbe extensor oominilDii 
digitorum being first affected, then tbe extensors of the wriit, tbe long 
muscles of the thumb, etc., while tlie supinators— and tbis dietutgilidMl 
it from tbe majority of radial paralyses — escape, the supinator bretla for a 
long time, tbe supinator longus permanently, as a rule ; the trioep* alw^je 
remains intact. 

The development of tbe paralysis generally occurs xvtj findoallT. 
spreading from one bundle of the extensor digitorum to the other nils' 
cles ; distinct atrophy is soon noticeable, together with constant Do B, 
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fliougli in a somewhat moiTified form, oorrespoailing to the peculiar man- 
ner of development of the paralysis, Senaibility always remains entirely 
intact, TLe affection usually spreads to both arms in rapid Bucceeeion. 

This is tlie ordinary and very characteristic history, but oilier localiza- 
tions may occur occasionally. Tims E. Bemak has found that the often- 
mentioned group of muBclea (deltoid, flexora of the forearm, supinators, in- 
fraapinaius) ai-e occasionally implicated to a predominant extent (arm 
type) ao that my " combined ahoulder-arm paralysis " may also be pro- 
duced by lead poisoning. It is found not infrequently that other muscles 
are alao affected, that it spreads to the small muscles of the hand in the 
median distribution, to the ulnar diatributioo, the deltoid, etc., and this 
may lead finally to general lead paralysis, in which tbe dorsal muscles, 
diaphragm, lower limbs (the latter not infrequently in a typical manner, 
with atrophy and De B) are impUcat«d. 

Electrical examination shows that De B is a constant phenomenon in 
lead palsy. Its development keeps pace with the paralyaia ; if the latter 
occura rapidly, complete De R will be developed ; if it occurs slowly, the 
stage of increased galvanic excitability falls into the background, and the 
characteristic qualitative anomahes alone remain distinct (slow contrac- 
tion, An CI C > Ca CI 0, increased mechanical excitability). Lead par- 
alyaia has also presented those remarkable instances of isolated galvanic 
De R in muscles which are not paralyzed or whose motor power is scarcely 
at all interfered with, apart from the fact that partial De R is occasion- 
ally presented. The long continuance of lead palsy and the not infi-e- 
quent relapses, may comphcate the conditions of electrical excitability in 
B marked degree. 

The De R does not always affect all the muscles implicated in lead 
palsy ; many escape and present either a simple, moderate diminution of 
electrical eicitabihty or no change whatever. 

This fact ia decisive with regard to the prognosis, as the muscles which 
do not present the De R usually return to the normal in a short period, 
while the restoration of the others ordinarily occupies a very long time. 
The esiatence of the Do R enables us to draw a positive conclusion con- 
cerning the presence of degenerative atrophy, and, at the same time, de- 
cidedly favors the theory of a neurotic as opposed to a myopathic origin, 
and, together with the complete integrity of sensibility, points to a spinal 
origin of the paralysis (at least in the anterior roots of the nervea), 

Nevertheless, despite numerous recent investigations, the question vritli 
regard to the nature and localization of lead palsy is still unsettled. It ap- 
pears, indeed, to be positively det«rmined that it is not situated primarily 
in the muscles but is of neurotic origin ; but whether the primary lesion 
must be sought in the peripheral nerves (and in their motor fibres alone) 
or in the anterior gray columns of the spinal cord has not been definitely 
Mcertfuned. The more recent observations, which have shown a paren- 
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chymatooB degGneration of the peripheral nerves and negative appMnncei 
in the Epinal cord, favor the view of a peripheral lesion. Nevertbeles 1 
can not regard it as poaittvely proven that the BpinaJ cord is not primniilv 
diseased. What can be proven by the negative reaultB of examination 
with our present defective microscopical methods ? Gross ledons can not 
be looked for in a toxic process which usually recovers in a abort time, 
and the /uncfioH of the anterior gray columns and their ganglion cella 
may be very markedly disturbed, although no change can be demonstrated 
microscopically ! And this disturbed function may produce degeneratiTt- 
atrophy of the peripheral nerves as readily as a primary afi'ection of tbese 
tracts. 

The weight of clinical evidence appears to me so predominant that 1 
still adhere, for the present, to the theory of the spinal origin of lead 
paralysis, t.e, to the assumption of a primary change in the anterior gisy 

Electrical treatment must be direct«d first to the site of the lemon ; in 
the present unsettled state of the question, I think it well, for two reasons, 
to treat the cervical enlai^ement of the cord. 

In the firat place, because I regard this as the most probable site of tlie 
lesion, and, in the second place, because I assume that an application of 
electricity to the trophic centres in this region may not be devoid of favor- 
able action upon the degeneration of the periphei^al nerves {and musdesl. 
Firat apply a broad (" largo '") electrode, which covers the entire cervical 
enlargement, upon the lower cervical and upper dorsal vertebrae, the 
other electrode upon the sternum, and then permit the stabile action of a 
vigorous current, firat the An, thon the Ca, for one or two minutes. The 
form of galvanization of the sympathetic recommended by the elder 
Bema1( may also be employed, though it probably acts in consequence of 
the simidtaneoua effect upon the cervical cord. Then apply the ordiuarj 
methods of peripheral treatment to the radial distribution (or any other 
neuro muscular tracts which may be affected), the An remaining apon the 
cervical enlargement A few minutes' vigorous labile excitation ore suffi- 
cient (if the excitability of the muscles is very much reduced, the direct 
application of both electrodes upon the muscles and changes of polarity 
may become necessary). 

As a matter of course the galvanic current is munly indicated on ao- 
count of the degenerative atrgpliy' but the ripe experience of Duchenne, 
Morit^ Meyer, and others proves that the faradic current is not useless! u 
all probabihty, it acts chiefly in a reflex manner. 

The results of treatment are usnally very satisfaotorv, but we must 
porsevero for many weeks and months. The majority of cases recover, 
but many old cases, especially those in which the paralysis is genenlized, 
remain incurable. 

ULhor losio paralyses very i-arely come under treatment ; they hava 
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been observed as Uie result of copper, mercury, zinc, moat fretpiently ot 
chronic arsenic poiaoning. Arsenic paralysis occurs oa a more or lesa dif- 
fuse, Bonibtimes generalized paralyais of the limbs, \vitti rapidly progres- 
sive atrophy and simple diminution of electrical excitability without De B 
iSeeligmueller). Ita electrical treatment follows general principles. 



^^1 11. MUBCUIAB AtBOPHV AKS HTFESTBOPHr. 

^^F It now remains for me te say a few words with regard to the electrical 1 
^^Eeatment of rarioua forma of muscular atrophy and hypertrophy. 

I have spoken, with sufficient detail, of those Tarietiea which are part- 1 
symptoms and sequels of different peripheral and cuiitral paralyses, and I 
their treatment is pursued according to the general principles laid down 1 
on page 192. This forms part of the treatment of poliomyelitis, amyo- I 
trophic lateral acleroais, progressive muscular atixiphy, bulbar paralysis, ' 
peripheral, rheumatic, traumatic, neuritic paralyses, lead palsy, etc. 

But there ore other, so to epcak idiopathic or pure muscular aLropbies ; 
among these I include those produced by disuse, prolonged rest in bed 
and inaction, pressure of bandages, ankylosis of the joints, etc., and per- 
haps a part of those included imder the general head of progressive i 
muscular atrophy, especially, the "juvenile form," belong in thia cste- | 
gory, but particularly those extremely frequent cases of njuaoulor atrophy i 
whidi follow acute and chronic inflammations of the joints. Their patho- 
genesis is by no means clear ; in a very small fraction of tho cases w« 
have to deal with a myositis which has spread from the articular inflam- 
mntion ; in individual coses, perhaps with a neuritis which has led to I 
paralysis of the affected muscles and secondary atrophy. But as a rule | 
nothing of this sort can be demonstrated, and a rapidly progressive sim- 
ple atrophy occurs with corresponding weakness and paresis of the mus- 
cles, which may perhaps be attributed to reflex spinal nutrition-inhibiting 
influences starting from the articular irritation. 

These forms of muscular atrophy are especially frequent and import&nt 
in diseases of the shoulder and knee-jointa, and they then affect mainly 
the deltoid and quadriceps, more mrely the peroneal distribution ; in hip- 
joint affections I have also observed this on various occasions in the mus- 
cles of tlie hip, buttixiks, and thighs. The atrophy may be very pro- 
nounced, with more or less marked paresis, perhaps finally paralysis, and 
is associated occasionally with pain. 

It ia a characteristic feature that De B is never present in such cuaes 
(unless a neuritio paralysis happens to be present), but tliat the electrical 
excitability merely shows a simple, more or less marked diminution, but 
never any qualitative changes. This form of atrophy ia thus sufficiently 
distinguished from neorotic degenerative atrophy. 



r <^ ihe qvadrice^ in 
mn, aged tw«aty^ve 
1 of the luiee-joint a 
Tear ago ; tree from pain onlf dniiig lut numth ; has aniOb noticed that 
the leg is hem; and inunofabla, and cannot be adranced properly is valli- 
in^ Statu : ri^it kaee-jcwit aomeiriiat tluckeoed bat painloaE^ won- 
tnenta fre& Complete pandas at anterior moacles of tiii^; the leg 
cannot ba moved out of the ratieal poeitioii, nor the limb bent at tlie 
h^ CmndenUe atzofilij at the tnnadea ; dectrical exdtabilitjr sjmplj^ di- 
mm^***^ whixMit qnaHtaliTe change. Scaatie distzibution normaL Gil- 
vanic treatment direcU; to the mnsdee vrith changes of polarity ; one 
deetrode in the min. Immediatdj thereafter the leg conld be e^t^a^A 
to an in^ of 45^. Afiar the foorth aittisg the leg could be raised almost 
to the boriaontal ; electrical eMitability eonsider&bly improved. After the 
ifTT**-"'** attin^ laeonrj almost complete ; w-alking oi^j interfered with 
hj the enlazgement of tike knee. 

87. Obtermtion bg BaadUct, Pandym and lOnphy of the quadrieept in 
eotueqttence ofgomtU. — A giri. aged fbtnteen years. Had iu^mmation of 
the Imee-joint tfatee years ago ; the eeoondaiy flexion contracture was i&- 
liered by forced extension. Conptate atrophy and paralysis of the quad- 
riceps were then found ; electrical inexcitability. Local galTttnizatian sad 
faradization ; complete restoiadon of the muscles after treatment tac a 
cumber of months. 

88. Ofiecrtw/ion by Le Fori (VaUal). Traumatic hydraHhroiis of Ihe 
knte; atrophy of the qvadrioep*. — A man, aged thirty-five years. Bad 
marked swelUng of the knee and diffieoltr in walking as the result of ■ 
bll (llarch, 1874). Usual treatment : counter-irritatioQ, tight bandage, 
etc The effusion disappeared, but the difficulty ia walking persist^ 
July, 1874, mnrked atrophy was found in the anterior thigh muscles, which 
appeared to be entirely powerless. Treatment ; daUy faradization of the 
atrophic muscles for a few minutes ; application, e^eiy night, of a con- 
stant galvanic corrent. An in the groin, Oi on the calf. Marked improTe- 
ment m two weeks, complete recoTeiy in a month. 



The method of treatment of these tnmple atrophies i 
same as that of neurotic atrophy ; an attempt is made, by means of regrv 
lar galvanic and &radic stimulation of the muscles, to improve their nu- 
trition, resf'ire their volume and increase their power. Care must be taken 
not to employ, at the outset, too strong currents or too prolonged a period 
of application. It is also advisable to stimulate the nutrition of themos- 
cles by excitation of the nerve-trunks and perhaps also of the trophic cen- 
tral apparatus. 

The results of treatment depend mainly upon the cause of the atrophy, 
but, as n rule, persistent and long-continued treatment will be necesssry. 

The pathogenesis of pseudo-hypertrophy and true hypertrophy of the 
mutcIoB is still very uncertain ; the assumption that we have to deal, in 
theso ntToctions, with neurotic or spinal disorders remains unpioven. 
Klcotricnl treatment may be adopted according to your own judgment 
lud thaoroUcol considerations. In addition to peripheral treatmeBt I 
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should not fail to make galvanio applications to the spinal trophic centres 
(galTanization of the spine, of the sympathetic). But the results hitherto 
obtained by electro-therapeutics in these diseases are scarcely worthy of 
notice. 

This also holds true of another rare and remarkable form of disease, 
the tonic spasms of voluntarily moved muscles, the so-called myotonia 
congenita (Struempell). The various attempts to relieve this peculiar dis- 
ease by electricity have proven useless. 



V. PAIN NEURALGIA AND NEURALGIFORM 

AFFECTIONS. 



LECTURE XXV. 

Introdaotion — ^Definition and Nature of Pain and Neuralgia — The Neuralgic Cbaoge— 
Electro-therapentic Objects : Removal of the Abnormal Nntritive Conditiona in the 
Nerves and of the Causes of the Neuralgic Change ; the AcUona of the Oarrent 
Available for this Purpose ; Cases— Electro-therapeutic Methods : Causal Treat- 
ment — Anti-neuralgic Methods : Direct, Application of the Oalvanio and the Fara- 
dic Current ; Indirect, Electro-cutaneous Brush ; Galvanic Treatment of Painful 
Points — General Plan of Treatment — Results. 

Those morbid irritative processes in the sensory nerves which are 
manifested as hypersesihesia and pain are very often the object of electrical 
treatment. 

It is especially those forms of painful irritation of the sensory nerves 
which have a certain independence, appear as peculiar, well-defined mor- 
bid processes, and are included under the general terms neuralgia and 
neuralgiform pains against which the efforts of electro therapeutists are 
preferably directed. But the electrical current has also proven useful in 
not a few cases of other painful affections, which have nothing in common 
with neuralgia and do not even merit the name of symptomatic neuralgia. 

The indications for the employment of electrical currents against pains 
and neuralgias were not so evident as in paralysis ; so long as electricity 
was known as a nerve-irritant alone its application in irritative conditioDS 
of the sensory nerves could not be regarded as verj' promising. How- 
ever, electrical currents were employed in pain and neuralgia long before 
the modifying, sedative action of the current had been recognized, and 
the undoubted and freqiient successes soon formed a broad basis for fur- 
ther investigations in this field of therapeutics. At the present time we 
possess in the electrical current one of the most certain and brilliant 
remedies for neuralgia, although we must admit that much progress has 
not been made in our knowledge concerning its mode of action in these 
forms of disease. 

In this instance, also, it appears unavoidable to throw a glance at the 
question of the nature of pain and neuralgia, since in this manner alone 
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can we arrive at a i-atioiuil electro- tlierapeutics. But the outlook is not 
very GonBoUng. Despite the daily occun'ence of these symptoma and 
forms of disease, despite centuries of observation and inveatigatiou, we are 
Btm deplorably iguuroot with reference to the nature aud pathogenesis of 
pniD, and especially of neuralgia. 

Pain is produced by every sensory irritative process which exceeds a 
certain intensity ; it is the reaction of conscioasnesa upon a certUB 
strength of centripetal stimulation. This inteuaity of stimulation may be 
produced either by the greater intensity of the stimulus or by an increase 
in the irritability of the sensory apparatus, so that very sU^^lit stimuli will 
give rise to the pain -producing process of excitation. But here the un- 
certainty begins, because we do not alwoys know — perhaps only in the 
rarest cases — in which of tliesa two ways the pain of disease is pi'oduced. 
Probably, however, we have to deal generally, in pathological cases, with 
an increased excitability caused by finer nutritive disturbances of the sen- 
sory apparatus, bo that the ordinary slight physiological stimuli, such oa 
the movement of the blood aud of parts of the body, tension of the tissuea, 
perhaps also chemical substances in the blood and fluids of the tissueB, 
may give rise to a sufficient intensity of the irritative process. 

Still more difficult is it to form a conception of what is known as nett* 
ralgia tmd the recognition of its more intimate relations to the causal 
factors. The term ne\iralgia refers to pains of great intensity and pecu- 
liar quality which arise spontaneously, i.e., from pathological processes 
in the body itselt are confined to one or more definite nerve-trunks, are 
pei-ceptible throughout the entire distribution of the latter and present 
distinct exacerbations and remissions, even complete intermissiona. These 
pains appear to be produced, in many coses, by finer nutritive disturb- 
ances in the nerves, which elude our present histological methods (as in 
idiopathic neuralgias, those due to exposure, malaria, poisons of all kinds, 
ancemia, hysteria, neurasthenia, spinal irritation) ; while, iu a large pro- 
portion of cases, they ore the results, or, at least, the concomitants of 
grosser anatomical changes in various parts of the sensory apparatus (in- 
juries, foreign bodies, compression, inflammation and degeneration of the 
peripheral nerves, neuromata, diseases of the spinal conl, tabes, probably 
also diseases of the brain, syphilis, etc.). &Iore careful consideration 
shows, however, that nil these factors do not give rise to neuralgia in a 
direct manner, and that neuralgia is entirely difTcrent from the sensory 
irritation directly proiluced by its causes. We are thus forced to the 
conclusion that the action of thoeo factors gives rise to the production of 
something else in the nerves which causes the neuralgia, and the h^'potbet- 
ical conclusion has tbun been reached that neuralgia is a distinct, peculiar 
form of nutritive disturbance in the sensory nervous apparatus to which 
Uoebiua haa apphed the term "neuralgic change." This peculiar change 
Ul the nerres gives rise to the oharocteriatio symptomatology of neuralgia. 
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So long aa it lasts, the itGuralgia oIbo will lost ; if its cnuses continue, the 
"neuralgic change" will continue, or, if it haa been temporarily removed, 
will be produced anew ; this change may also acquire a certain independ- 
ence anil coutlnuo after the cessation of its causes (ttabitual ueundgia). 
This cliange rony be established, as it seems, in various parts of the 
sensory tract {in tlie peripheral as well as the central couree) ; at nil 
events, it is not proven that it is nltvays found in one spot, for example, in 
the posterior spinal 1*00)8 or in the ganglion cells of the posterior gray 
columns ; we know still less concerning the real character of tliis ''nwi- 
ralgic change " and it is, at all events, not probable that it is due under all 
circumstances to hyperemia or sligbt; neuritis. 

It is not my ofBce to enter in detail into the symptomatology of neu' 
ralgia. I will merely emphasize the fact that it is important to tlie elec- 
tro-therapeutist to be accurately informed wiUi regard to the location of 
the neuralgia in this or that nerve-trunk, if possible concerning it» height 
in the conducting fibres and its grosser causes, the primary disease, et«. ; 
that he should not fail to be informed with regard to the presence or 
absence of Volleii, painful points, and that it is advisable, in many cases, 
to search for more remote painful points, especially in the neighborhood 
of the spinal column (apophyseal point of Trousseau). 

Electrical esaminatiou has acquired hitherto no noteworthy signifi- 
cance in neuralgias and has not added anything to the recognition of the 
finer molecular changes in tlie sensory nerves — perhaps because they have 
not been carefully sought after. The electrical examination hns been 
confined to the demonstration of hypertpstheaia or aniestheaia of that por- 
tion of the integument affected with neuralgia, of painful points in the 
nerve-trunk or its branches, or finally of galvanic painful points upon the 
vertebral column (M, Meyer, Brenner). 

From these introductory remarks it follows that the first electro-thera- 
peutic object in neuralgia is the removal of the abnormal condition of 
nutrition and excitation in the nerves, in other words, of the "neuralgic 
change." But even if this is effected — and, aa it seems, it may be done 
by the electrical current with some amount of certainty in many cases — it 
will not suffice to produce a permanent cure of the neuralgia in all cases ; 
if the causes of the latter continue, the disease will again develop. 'We 
have, therefore, a second and often much more impoi'tont and difficult 
object, viz. the removal of the causes of the neuralgic change. 1 will con- 
fine myself to a brief consideration of those efiecta of the current from 
which w-e may expect, with more or less reason, a favorable infiuence upon 
the nenralgio. 

As the clinical phenomena force us to assume verj' slight changes of 
nutrition and of the molecular conditions in nerves affected with neuralgia, 
and aa we may assume that these changes are accompanied, in the majority 
of cases, by increased excitabihty, we must rely chiefly upon the modifying 
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r*ffecta of the electrictil current, i.e., diminution of irritability, production 
of au electro tonus, tlie so-called sedative (aiitineurutgic) action. 

The catalytic effects may also be utihzed in the removal of the finer 
nutritive disturbances, and these also possess a decided action upon an 
entire series of causal factors of neuralgia, Tiz., bypencmia, Deuritla, de- 
generations, all poBsible diseases of the brain and spinal cord. 

Finally, the stimulating effects may also be employed tor the produc- 
tion of very vigorous sensory irritation, which posseases an esteosive ap- 
plication as a so-called " counter-irritation " in neuralgias and other pain- 
ful affections. Hotvever obscure this notion may be, it has nevertbelesa 
been established by experience that conditions of abnormal sensory irri- 
tation may be reheved, temporarily or permanently, by sensory irritation, 
either in the same, or in syinmetiical, or in remote nerve patlis, nhether 
this is accomplished by molecular transformations, or by over-stimulation 
and exhaustion, or by means of central inhibition (perhaps, also, by reflex 
circulatory- changes and the lilie). At all events, the electrical current is 
one of the most certain and vigorous, as well as harmlesB, means of pro- 
ducing a strong counter- irritation. 

Whether these actions of the current are the solo ones which are arail- 
able in neuralgia or not, there is no doubt that the personal experience of 
every electro- therapeutist furnishes numerous examples of the admirable 
curative properties of electricity in neuralgia. I will now give a few illua- 
tntions of tlie recoveries nhich may bo secured by various methods : 



I 89. Observalion fcy WeiiK. InlprmilleJtl right suprti-orhUal neuralgia. — 

At the end of December, 1866, after a corvKa, an attack of supm-orbital 
neuralgia developed, assumed an intermittent character, and recurred 
daily in very violent paroxysms which ended with perspiration. Quinine 
and arsenic useless. Galvanic treatment begun January IT, ISGT : An to 
the supra-orbital foramen, Ca to the neck stabile fur three minutes, with % 
elements. Considerable relief forthwith ; the neuralgia disappeared per- 
manently after the olose of the sitting. Fresh attack of same neuralgia 
twelve years later, which did not yield to quinine, but disappeared after a 
single stabile application of the An. 

90. IWaonai obfiervalion. InlermUlent right supra-orbiial neuralgia. — 
A man, aged fifty years. Sick for two weeks ; characteristic localization 
of the pain in the supra-orbital ; no coryza, no malaria. Violent pain 
from 8 A.M. to 5 p.m. ; freedom from pain at night ; painful point. 

February 17, 1882. — Galvanic treatment with An stabile ; no paroxysm 
in following three days. 

February 20th. — Return of pain. Second sitting followed by cessation 
of pain, which returned in very mild form. Complete recovery in two 
further sittings. 

91. fierguiial ofmerualion. Neur^gia of the right lrigen\imta (third branch). 
— A woman, aged forty years. Hml a simUar affection on the left side t«n 
years ago, which lasted a year. For two months pain in the distribution 
of the right infro-nmxiUaiy and auriculo-tempond nerves, occurring with 
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Special violence toward eveoing aii<l during the night. Fainfol points nt 
tiie menial fornmen oud in (rout of tlie ear. 

February 16, ISfifJ.^Gfllvftnic current, descending stabile tlirongh the 
an ricnlo- temporal nerve and along the lower jaw (two to three minutes in 
each positionj. No pain during the next niglit for the first time in nuuiy 
weeks. Permanent recovery aft«r five sittings. 

92. Personal vbservatvm. Neuralgia of' the right trigeminus {tic-dovlmt- 
reiwr),— A woman, aged forty-seven years. Suffering for four years from 
an increasing violent facial neuralgia, chiefly in the infraorbital neife, af- 
fecting the malar bone, superior maxilla, nose and upper teeth, and, at tlie 
height of the paroxysm, radiating into the inferior mnsilla and lower teeth. 
Active spasmodic twitching around the angle of the jaw during each attack. 
Origin unknown ; no distinct painful points. At first galvanic treatment: 
An stabile, for three to four minutes, upon tl)e upper and lower jaws and 
in front of tlie ear, the current being gradually increased ani] diminished ; 
no sign of improvement after five sittings. Then 8 elements stabile from 
the forehead to the neck, galvanization of the sympathetic, and An stabile 
in front of the ear ; no improvement after three sittings. Then bu^iza- 
tiou transversely through the head, Ca on the right side, with increasing 
currents. Improvement forthwith, which continued to make considerable 
progress during the next two weeks, so that the patient had complete real 
at night, the reflex spasm disappeared, and very few mild paroxysms oc- 
curred during the day. The patient was compelled to discontinue treat- 
ment 

93. Observation bij Morilz Meijer. Trigeminal neiiralgia—k woman, 
aged thirty-five years. Suffering for three months Irom violent neuralgia 
of the left trigeminus, mainly in the third branch, occurring in five to six 
paroxysms daily. Quinine, arsenic, veratrine ointment useless. Famdic 
brush to the neck at first produced great increiise of pain for half a day, 
then striking amelioration. Permanent recoverj' after two more ait^ 
tinga 

94. Observation btj Wiefner. Trigeminal neuralgia {ticdo'doureiix). — A 
man, aged sixty-four years. Suffered for four years from left trigeminal 
neuralgia (in the malar bone and deep in the skull). Various operations 
caused merely temporary rehef. Recently twenty to thirty paroxysms daily 
of great violence ; 0.50 morphine administered daily. Galvanic treatment 
(the most painful parts placed between the electrodes twice a day, for five 
minutes) caused improvement in three days, which slowly progressed ; 
the tic disappeared after two months, and the patient \ras discharged sa 
cured for the present 

95. ObePrixUion by Moritz Meyer. Eight occipital Tieuralgia. — An officer, 
aged thirty-two years. Suffering for two mouths from violent pains in 
right occiput and neck. Vigorous faradic brush to the neck ; immediate 
subsidence of the pains, and complete recovery after two sittings. 

96. Purnonal obaeroation. Neuralgia of the median jteriw.^A woman, 
aged twenty-eight years. Suffering for six weeks from violent neuralgic 
disturbances in the distribution of the right median nerve, from the el- 
bow to the fingers. Nocturnal exacerbation of pain. Galvanic treat- 
ment, descending stabile through the median for three to four minutes. 
Much less pain on the following uight ; recovery after the second apph»> 
tion. 

97. Per.ianal oliservalion. Neuralgia of Che radial nerve. — A girl, aged 
years, buffering for nine weeks from severe pain, and marited JQV 
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penedmaof tte right Onmb; Ibe p«m radiates doag Um ladisl borte 
ot Urn Onoab ami lomana aaam the outer mtIm* o( th» am to the 
JwoMw ; -nfj itj^ienil, pembd |uinta in aevend pceitiwii. Tlw tlmmb 
•lir e— ly ■Mwitim to tlw JielitBt t tondi : atrnplMe inabJli^ to nw tbe 
hand ; no aai^^s o' "■'^~'"**™' Oaheiiie trntmcBt :*8 to li d»- 
iffTntft dMBMkdiBe itaWtf fron the ndud tttm ia the ami to ihe tbuab 
maA w ii a l juiiit ; eight etenkenla An stabile npon the pfexns. Diattnet tot- 
gPTgaeBl aBn' two sUiaga, complete reixnvi; aftsr nine sittings 

9& {Jftaenotun by Se^gmi^ia: Kemnfyia <^ lU Umr uHtrmal eaia- 
vai. — A wonao, t^ei tatij-tme yeara. S ufl e ria g iar | 
a neaialgic diatoifaaneea in the left am ; axai ' — ~'~ "~ 
doan a neanl^ eonfned to theleaaerintenMletrtaaeoasbei 
fol potat akog the i^bl Oahaaie trMtmeot : Ca oo the pain&il point. 
An atalale to the auia in the ann for dx to ten minate^ the ramot 
being gndmHy incraMod and diminidied. After the first sittiBg the tm- 
tient «aa free Jrom pain for twen^-fonr boon, tor the fiist time t 
yaai& The patient waa diacfaarged cored alter a lew moi« aattiiiga. 

99l ArMwal ofteeroatoa. ImlerctMiti nmralgia ; A07MS mtttr. — A gai, 
a^ed GAlen yeara. Saflering tor brar dara from iDteroostal vster. onn»- 
•poodiag to the foorth to aeimth inlemoGla] netres, vitb netmJgie paina 1 
in the anne diafaabuticHL Tbeae pains continoed for two veeka deapitn , 
internal treatment Oalvuiic tra^ent. Puns disappeared in fire di^ja. 
After djaeoptinturoce of treatment, pains returned in fl*e daja. " 
of gahatne ^ytiatjon produced recovery in ten daya 

IOOl Pen am i ainer u i t ifliL IrtUrctMai mevralfna ; aiaafaWyata. — A gti^ I 
ag«d twenif-w yeaiB- Salfcriag from eight to nine moathawith ahoouBK 1 
pains in the bctiM*^ ae a oai p a nie d by eecretton of milk ; pains sonwtinMa 
Taiy aevere. remittent and radiating into the back and inner aq>eet of tfaa 
ama ; tendenteas of moot of the dorsal vertobne ; anwrnia. Oahaaio 
ttaatment: An npon tha dorvl apiit^ Ca on the atemoBt, 14 to 10 
dementa stabile. Diattnot i mpr ove m ent afltr a few daya, but no fortfaar 
pragraaa. Than turadie treatment (strong omenta with huge moUt deo> 
trades) : also followed fay distinct impforemeiit, the disease being reJnced 
to two slight attarfrs daily. Complete reooreiy not effected. 

lOL Ptnonal almfrvaiion. Scialiea. — A Dian, aged twenty-thtee years. 
SoflBuii^ tor five da^ from neoralgio paina in both legs, from the hipa to 
the feet. Ecaoerbation at night so that patient waa unable to ueep; 
paraMthena in the fleet, Qalfanic treatment deaoending through the 
aeiatifla. the deetnodes being applied at a distance of ax inches from otM 
■notber alongtbe entire oonrae of the nenrea ; a few ioterraptiocs. ^in 
diaiBtahed forthwith, and patient able to deep tolerably well. No pain at 
night after the aaeond Atteog. Cured after foorth aittuig. 

103. Penoml obaennliiM. Sdatiea. — A man, a^red 6ftv-fire ream 8af^ 
Cering for three months from left sciatica; ctMrftrteristic localizatioa of ' 
the [kun, with aereral painful points ; rioleni pormysms, ospHtalW at ' 
night ; sleep dtstorbed ; left leg somewhat prntruUed ; walking inlerfcred 
wttb. Hjpodermic injections of morphine useless Oalmnie treatment : 
dsaoending stabile through the nerre, with a few intemptions of tha cur- 
rent at the closer Considerable improTemeDt after the first sitting, and 
cotnpleto r ecore r y after nine sittings. 

103. Obaeroalion 6y ilorilz Mei/er. Sdatiea. — A merchant, aged forty- 
Ibar years. Suffering for sis months from right sciatica in coDaeqaencs 
ofan^my injury. Very violent pains ; painful point at the a ' " 
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men. Faradic brush in this region followed by immediate (lisnppeanince 
of the pain ; reappeaied to a sliglit extent on the following day. liecoren' 
after two further eittinga. 

104. Observation fiy Brenner. Sciatica. — The patient Buffitred for four 
months from extremely violent sciatica, and was compelled to lie in bed (or 
a month at the beginniug. Peripheral electrical treatment ameliorated the 
pain in tlie leg but not in the upper part of the sciatic and the iloo-bypo- 
gastric pain. Examination showed intolerable pain upon application of 
the Ca to the dorsal and lumbar vertebne, which wera not tender on press- 
ure. AppUcation of the An to these parts proiluoed considerable relief 
forthwith, and after eight sittings patient was almost entirely free from 
neuralgic pains ; galvanic painful point disappeared. 

105. Sdf-t^erfatioti by Jirenner, Neuralgic pains in the foot as the rt- 
suit of articutar rheumatism. — During an acute rneumatio polyarthritis, in 
which both ankles were affected, Brenner suffereil from violent pdroxysmal 
pains radiating into the feet, which resisted all remedies and rendered 
sleep impossible for three weeks. A single application of a moderatelT 
strong faradic current to the ankles with broad moist electrodes, relieTed 
the violent pain immediately and pei'maueutly. 
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From these observations it follows with certainty that many cases of 

neuralgia are cured by the electrical current in a surprisingly rapid man- 
ner and that this may be effected by various methods. But the eupeii- 
ority of one method over another cannot bo inferred by any means, nor 
does this follow from the statements of those who have adopted a certain 
method more or less exclusively. In individual cases it would seem that 
when one method fails, another may prove useful, but this does not occur 
often, by any means, and I have very frequently had the impression that 
those forms of the ilisease which will yield to electrical treatment, will be 
favorably affected by every form of current and eveiy method of applica- 
tion which is not entirely irrational. 

In the determination of the electro -therapeutic method our first object, 
in many cases of neuralgia, is the i-emoval of the causal disease. I have 
very little to add, in this respect, to the remarks made in previous Uo- 
tures (Lectures XVI. to SXI.). We have to deal mainly with the electrical 
tai^atmeut of those diseases of the brain, spinal cord, and peripheral nerves 
which give rise to neuralgia or neuralgiform pains. Their treatment is 
carried out according to previously mentioned principles and methodi, 
and must be resorted to at the onset in so-called symptomatic neuralgias 
(tabes, meningitis, neuritis, etc.) ; as a rule, we must apply the galvanic 
current, more rarely the faradic current for the soke of its reflex effects 
from the integument. 

But as not a few neuralgias are developed in general neuroses (hyBt*- 
no, neurasthenia, spinal irritation, diabetes, etc.) or in general constitu- 
tional anomalies (aniemia, chlorosis, cacheiise of all kinds, etc.), electrical 
treatment directed against these conditions may be useful occasionally. 
Under such circumstances general faradization may be recommended veir 
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highly, and likewise general or centml galranization. I will return to 
this subject in Hubsequent lectures. 

But the main purpose to be effected, under all circumstoncea, in idio- 
pathic and symptomatic neuralgias, and which may be attempted even 
though the primary affection ie incurable, is the removal of the morbid 
conditions in the sensory nerves themselves, of the "neunilgic change," 
I.e., the production of au anodyne, antineunilgic action of the electrical 
current. This may be secured either in a direct or an indirect manner. 

As a rule, the direct method ts adopted first, either the galvanic or tha 
faradic current being employed. Its object alnays Is the diminution of 
excitabihty and the modification of the nutritive conditions of the aensorj 
nerves — i.e., the production, in a certain sense, of a catalytic action. 
Above all, the stabile action of the galvanic current should be employed, 
and the stabile application of the An sl^oulil be mode to the diseased 
part on ncrouut of it^ notoriously setlative, auelectrotonic action. The 
An should be placed upon the site of disease, at all events upon the 
painful nerve-trunk, over as large a surface as possible, perhaps, also, 
upon the individual painful points. The application should be mod- 
erately strong, but gradually increasing in intensity, and somewhat pro- 
longed. Very vigorous stimulation, especially interruptions of the cur- 
rent, should be carefully avoided, and in many coses it seems indispensable 
to diminish gradually the strength of the current at the close of the anodal 
apphcation, in order to avoid the "opening" irritation and the subsequent 
positive modification of irritability ; this la verj" readily effecled by grad- 
ually diminishing tlie number of elements, or by means of a suitable 
rheostat. The position of the Ca may be entirely indifferent, and should, 
at all events, be made in such a manner that the An, according to the laws 
of the diffusion of the current, possesses the most intense effect possible ; 
the Ca may afterward be applied upon certain painful points. This method 
does not always produce the desired object, and a trial of the stabile ap- 
plication of the Ca is then by no meana excluded ; it is possible that the 
catalytic action of this pole may have a more favorable effect upon the 
"neuralgic change," and thus prove curative. At all events, a large eipe- 
riencfl teaches that the application of the Ca to the painful paints {even if 
the An is not applied directly to the nerve-trunk) may have a favorable 
antinenralgic action. I have frequently seen the lancinating pains of loco- 
motor ataxia, especially when associated with circumscribed hjiienrethesia 
of tlie skin, disappear as if by magic from the appUcation of the Ca to 
these portions of the skin (An upon the spinal column). 

As we have to deal mainly with large tracts of nerves, for example, with 
the nerves of the extremities, both poles may bo applied to the nerve, and 
the current allowed to flow either in an ascending or descending direction. 
As a rule, (be descending current is preferred for this purpose, and a 
_ateater sedative action is attributed to it— whether iustlv, baa been 

i- ^ 



J 



I 



243 ELEOTRO-THKEAPEtrnCS. 

scarcely <lectiled, but it probabt; depends upon the fact that the Ao in up- 
plied to the ceDtnd portion of the nervci. The chief requirement is itii 
stnbile applicstioQ, in addition to the avoidanee of aunecessary imt&at 
eSecta. The An is placed as centrally as possible upon the nene- trunk or 
the Tertebral column, the Ca upon a more peripheral part, especially Upon 
the individual painful points. Wlien the nerve is tery long, seTeral of 
these applications may be made in successiou from the centre to the pe- 
ripher}-, the electrodes being situated at a dietauce of about twen^ to 
tweoty-Sve ceutimetres from one another (especially in sciatica). Wlim 
the neuralgia occurs iu mixed nerves and is associated with stiffiKtsa, weak* 
ness, and pain in motion, it may be useful to produce a few muscoUr cou- 
tractioDR by closure of the current at tiie close of the Billing ; the con- 
comttont symptoms are usaallr relieved by this procedure. 

Finally, another effective procedure is the constant application of weak 
galviuiic currents (vide pag« 120), which has been recommended on nil 
sides. I possess no reiy large personal experience with this meUiod, bot 
believe that it is to be specially recommended for rerr irritable indivlduabi 
vitb fleeting or often recurring neuralgias, pnrticularty In spiiial irritation 
and hysteria. It should not be fni^tten, with r^ard to tlw choice of tha 
sits of ap])hcalion, that the zinc plate of simple galrsnic elements is the 
uuode. 

The same object is subeerved hy the paaage of a moderatetj atrODg 
fandic current through the diseased nerve (by means of uotst ele« 
how this acts it is difficult to say, bat the fact of ita efficiency is aodoal 
It is best to begin with moderately str3ng currents, which are | 
through the nerve for three to ten minutes ; this produces great r 
the onset, and perhaps recoTerr after repeated appUcationa. If re«oTa7 
does not ensue, a stronger cuirent should be employed, perhaps in tho 
form of the so-citlled " swelling " eturent, gimdnally increasing aud dinun- 
tshing. 

Id an indirect manner, good results in neuralgia may also ba obtained 
ID wioua ways. In the 6rst place, by the production of a violent o 
irritation with the atd of the iirsdio brush. This method, which li 
often employed with brilliant results, but is not very agreeable to the pa- 
tient because Tcry painful, consists in vigoroasly stimulating the skio bj 
means of the electrical (faradic or gmlrantc) brush. Acooiding to Oa- 
ehease. the irriution of the skin is efiected in tbe nsighboriiood of tbe 
potnfid spot, or, if this is not sufficiently sensitiTe, in sotne other pnrL 
Moritz Iteyer stales that good results are only obtained front this proce- 
dure when anicsthesia of the skin is present in addition to tbe oraralgia. • 
Accot\ling to him, a better eSect la obtained from the applifalion of tba 
so-called electrical moxa (fixatiOD of tbe electrical brush upon s certain 
part of the skin, or the passage ot apuia frxKD the brash, which is retDoved 
miUimetie fr«iii tbe don) to Ibe principal painful point on the amy*. 
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r to its point of exit from the central organ. This ftpplication should 
last from a few seconds to a minute. If it does not produce the desired 
effect Lu a short time (after two to five sittioga). similar counter-irritation 
tiisy be applied to the corresponding parts on the healthy side, or to tho 
distribution of adjacent cutMieoua nerves, or even to remote parts of the 
sldn (helic of the ear, wing of tiie noso, nippleR, neck, etc). 

A ease reported by Wiesner proves that the galvanic (Ca) brush is also 
Krailablo in the same manner. One of my colleagues kept within bounds 
a very severe supra-orbital neuralgia of many years' standing bv the appli- 
cation of the galvanic brusli to the forehead, but he moderated the dis- 
agreeablQ features of the application by the interposition of moist tissos- 
puper. Seeger has employed a similar procedure in sciatioA ; he strokes 
large portions of skin over the diseased nerve with the cathode brash, 
nntil redness and wheals are produced (and then employs these parti^ 
vthicb are thus converted into better conductors, for the apphcation of 
moist tissue-paper and the introduction of the current through it by 
means of ordinary electrodes). 

The gulvanic treatment of the painful jioints upon the spinal column, 
etc., may also be regarded as an indirect treatment of neuralgia. Moritx 
Meyer, Sceger, and Brenuer have directed their attention to this method, 
and found it useful in many severe neuralgias (brachial and intercostal 
neuralgias, sciatica, etc.). The method consists of the stabile apphcation 
of the An of a moderately strong current. 

General principles, and, to n still greater extent, the peculiarities of 
the individual vase are decisive with regard to the intensity and dura- 
tion of all these methods of treatment Under all circumstances it is 
advisable to begin with weak currents and short sittings, to ovoid unneces- 
sary irritative action, sudden closure and opening of the current and the 
like, and not to omit the gradual diminution of the current More than 
throe to five minutes of a galvanic, and five to ten minutes of a faradic 
application ore scarcely necessary ; a number of sittings in one day some- 
times prove useful. 

\VitIi regard to the general phm of treatment, it is advisable to b^n 
witli milder procedures, esi)ecially when we are not acquajntetl with Uta 
patients or they are verj- sensitive. In the beginning, therefore, in addi- 
tion to the causal treatment, make a stabile application of tbe Ad or weak 
descending galvanic currenta, perbape also feeble faradic currents, which, 
in very sensitive individuals, may be applied by means of the "electrical 
hand." Stronger currents, the faradic brush or the moxa, should not be 
employed until the former methods prove uns-uccessful. 

The results of these various forms of treatment are often very brilliant, 
and it may bo said, on the whole, that neuralgia is one of the most grati- 
fying objects of electro- therapeutics. At leo.'^t a temporary benefit is olv- 
1 almost all cases ; tbe patient experiences relief during the posmgv 
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of the onrrent, and the pam has either entirely tlisappearcd or is coneider- 
ablj relieved after the cloae of the application. But this is not alwa^ the 
case, as there are forms in which not even temporaiy benefit is obtnined, 
the paine continue with undini ill i shed eeTerity, and are even incrensed by 
the electrical current ; it is rare that such on increase of the pain is fol- 
lowed bjr permanent improvement {vide Observation 93). In such cwtea 
the treatment should not be long continued. 

In favorablo cases the temporary improvement may continue, and the 
disease is cured after one or two applications. Or the pain returns, per- 
haps with diminished severity, after a longer or shorter interval. Kacli 
new sitting produces renewed relief, until finally recovery occurs after n 
lonfrer or shorter period. You should not be repelled in such cases by 
the trouhle of long-continued treatment. In unfavorable cases the tempo- 
raiy improvement does not moke any progress, and the neuralgia retnains 
incurable ; the causes apparently lie in the character and incurobility of 
the primary disease, but we are not always ahle to recognize this fact, And 
ap]>aren<Jy very favorable idiopathic neuralgias may present an iiiiexpeot«<l 
resistance to electrical treatmeTit. 

It is not easy to foretell whether a neuralgia is curable by oWtricitr 
or not. The diagnosis is too uncertain in many eases for such a purpose. 
But experiences teaches that the outlook is relatively favorable in pure 
idiopathic neuralgia, in the rhGumatic And neuritie forms, iu those due to 
anosmia, neurasthenia, and hysteria, perhaps also in many malarial neu- 
ralgias. It is unfavorable, on the other hand, and palliative efiecta may, 
at the most, be looked for in the majority of symptomatic neuralgias, as in 
sflections of the brain and spinal cord, in severe peripheml nerve lesions, 
in chronic hysteria and neurnsthenia, and especially iu the severe facial 
neuralgias which are known as true tic-dDuloureux. 
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Indivldnal FomiB of Neuralgia : 1. Trigeminal Xeurolgia ; PracbicalRemurkBGonoem- 
iag the Indifidiial Uetbods of Treatment — 2. Cernco-occipitol Nenmlg-iH — 3. 
Headkche and Migraine ; Various Metboda of tlieir Treatment, — 4. Cerviuo-bta< 
ohial Neuralgia — 5, latercoatol Nearalgia — 6. Neuralgia o( the Lumbar Plezui — 
7, Sciatica ; Varionii MethodB of Golvanio and Faradic Treatment ; Nearalgia of 
the Urinary and Sexnal Orgiins; Coccygodynla — 8. Neuralgia of tbe Joiuta — 9. 
ViBOeral Neuralgias : Neuralgia of tbe Pbarjm and Larjnit; Angina Peotoria ; 
Gaatralgia; Enteralgia ; Lead Colio; Neuralgia in tbe DiBtribution of the Pelvic 

AiTBB the previous detailed remarks concerning Uie electro- therapeu- 
tics of neuralgia in general, I may restiict myself to a brief cousideration 
of the individual forma. 

1. Neuralgia of the trigeminus and Us branihes presents great dif&cul- 
tiea to electrical treatment on account of the deep situation of the nerve 
£iiiii its branches, aud also frequently on account of the severity aud inctl. 
rability of the disease (morbid processes at the base of the skull, aueurism 
of the carotid). Sl^ht consideration will show that the trunk of the nerve, 
the gangUou of Guuser, and the three moiu branches lying deep lu tlie mid- 
dle fossa of the skull, cannot be readily influenced by the current, and this 
is also true coucerning a portion of the course of tbe branches w-itlun and 
upon the floor of tbe orbital cavity and in the spheuo-palatine fusaa. It 
will not be easy to produce a vigorous polar action in these localities, and 
still more must we renounce the production of a definite effective direc- 
tion of the current in the nerve. The most serviceable method for the 
production of polar action will be tbe transverse or oblique conduction of 
the current from tlie middle of the temporal region, immediately above 
the molar bone, to tbe other side, or from behind the ear to the opposite 
side of the back of tbe neck. For the production of a definite direction 
of the current in the main branches tbe passage of the current from tbe 
neck to individual points of exit of the nerve will scarcely be sufficient. 
We must help ourselves, in tliis respect, as best we may, and I think it 
beat always to keep in mind tbe following object, viz., to bring tbe pre- 
sumably diseased portion of the nerve within the field of the densest por- 
tions of the current, i.e., between both electrodes or in the immediate 
vicinity of one of them. Some of the peripheral branches of the nerve, 
especially the supra-orbital, auriculo -temporal, alao the inframaxillary, ore 
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much more fovarably situated in this inspect. They may be readilr sub- 
jected to polar action or to the passage of a dcscendisg current. This 
ia effected less readilv in the infra-orbital uerve. the terminal mui£cit- 
tioRs of which oloue can be vigorously tuHueuced ; and this very uerre 
ia by preference the aite of severe " epileptiform " neunUgia, the true Uc- 
douloureux. 

The treatment of these neumlgias is begun by the sbibile Application 
of the An to the individual bmnches and points of exit, or in the neigh- 
borhood of the main tniuk. Tlie Ca may be placed upon the Bl«niutn or 
in the opposite hand, or on the posterior or lateral part of tbe neck ; the 
eurreut should be gradually increased and diminished, at first of tnodentte. 
later of greater strength. If the disease is supposed lo be situated at tho 
I>ase of the ekull, you must employ quite strong cturenta O- Bei^ger has 
obtained very good results from this method, and it proves SDffici<-nt for 
the majority of milder cases. If it is ineffective, you may resort to tho 
stabile application of the Ca to the jioints of exit of the neor. or send a 
descending current through the individual peripheral branchea, the An 
being fi.xed in tlie neck ; or the some application n-ilh feeble, gradually 
increasing, faradic currents; Bruzelins recommends that the latter a[>pli- 
cations should be long continued (ten to thirty minutes). FinaDy, trial 
may be made of the fcirndic brush or nioxa (perhaps also of tho galvanic 
brush). These can hardly bo employed in the face, though I have repeat- 
edly tried it ; a better method is the application of the brush to the neck. 
H. Ueyer employs two brushes, one being placed on the nock, the other 
in its immediate neighborhood, about one millimetre front the integnucat, 
in order to allow the passage of sparks ; the brodic brush may also be ap- 
plied to tlie helix of the ear. 

Not infrequently coses will be met with in which all these methods of 
treatment foil of success, especially In tic- douloureux. Permanent relief is 
very rare in these coses, and I openly confess that I cannot braut of a 
single cure in these severe chronic neuralgias, however many I have treated 
methodically and persistently. The most that I have obtained was tbe 
temporary cessation of the attacks or a variable degree of aineliomlioB ; 
now and then, however, recovery may result. I will add that two or aiofv 
sittings daily have nppenred to me to be useful in some coses. 

2. Tlio electrical treatment of (•ervico-occipital neuralgia does not 
present the slightest difficulty, since we have to deal vrith super^cial, 
quite long nerve-trunks, which can be readily influenced as far as their 
entrance into the central organ, and whose most frequent sites of dieeasa 
are usually reached with facility. The methods ore therefore tvadily de- 
termined ; in the flrst place, the stabile application of the Aa (o the 
points of exit, i.e., the upper cervical vertebne, the Ca upon the stemnm : 
or the descending stabile current, the Ca being placed upon the tfaor- 
ougbly moistened scalp ; the faradio current may be employed with n 
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a in the same manner ; finally, the faradic brash or moxa high up 

■fVie neL'k. The results ore UBuaUy a<lrairal>le, but some cases occur 

***«3l» resist treatmeot. The rare phrenic neuralgia is treated according 

^V»e same principlea. 

S. I must devote some consideration to the electrical treatment of 

*Q<iacAe and migraine, since it often proves very serviceable to patienta 

^**HerinR from these alTections. 

Ab a matter of course I refer alone to the so-called " nervous " liead> 
'*<sl»e, aa it occurs under the most varied conditions, with or without groaa 
■^aions upon or within the skull, most frequently in neurasthenia, 
faysteria, anicmia, or as the result of rheumatism, toxic agenta, etn. 
Other forms of headache (in fever, syphilis, inflammations of the skull, 
coryza, meningitis, etc.) are scarcely ever the object of electro- tbempeutio 
trials. 

It goes without saying that, tn all such cases, the determination of the 
cause of the nervous headache is decisive with regard to treatment, and 
often some other remedy will better meet the causal indication than elec- 
tricity. Only in neurasthenia, hysteria, etc., can the causal indication bft 
sometimes met by general faradiiation or some other electrical procedure. 
Direct treatment of the lieadocbe may be tried in addition ; this should bo 
done in all cases in which no causal indication can be found or fulfilled. 
This may be accomplished in various ways. WTien the pain is diflused, it 
is beat t<i begin with the passage of weak galvanic currents longitudinally 
through the skull ; if distinct vasomotor disturbances are also present, 
you may place either the An or Ca upon the forehead, aceonling to cir- 
cumstances ; in Bucb a ease gatvani^Jition of the sympathetic or the cervi- 
cal cord may also bo employed. Good results are often obtained from 
the stabile application of the An (large head electrode) to the scalp, the 
Ca being placed on the sternum, thigh, or hand. v>-ith a moderately strong 
current. I have occasionally obtained very favorable results from the 
paaaage of a weak faradio current from the forehead to the neck (two to 
five minutes), preferably by means of llie " electrical hand ; " the forodic 
liniah to the integument of the neck, chest., back, and upjier limbs may be 
useful in some cases, especially when aiwocinted with v«s()-motor disturb- 
(Uioes. If the headache is of a more localized character and isolated pain* 
ful points are present, the stabile onodal treatment of these points, or their 
faradization with moist electrodes, will prove serriccable. The results of 
all these methods of treatment cannot be foretold ; like otlier measures iu 
tJieae afTections, electricity sometimes presents very brilliant, aometimes 
purely negative results. 

That form of nervous headache which occurs in perioilicolly recurring 
attAcks of asually unilateral very severe pain, associated with nausea, 
vomiting, general prostration, various vaso-motor disturbances, etc., and la 
I bemicraoia or migraine, has naturally continued to cull forth 
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electro-therapeutic meafnires. I must confeBS tbat such attempts are gen- 
erally &uitleBs ; the briUiast results said to liafe been obtained by some 
authors (for example, Frommhold) by the electrical treatmeiit of migraine 
have not been coufiimed by others, and in this very respect migTaipe is 
distinguished from other neuralgias among which electro- therapeutics in- 
cludes its greatest triumphs. 

In the large majority of cases migmiue is the espresaion of a congtoii- 
tol or acquired nervous disposition, and is due only in rare cases to tem- 
porarj-, occasional injuries. Whatever produces migraine in prediqioeed 
individuals upon sliglit cause, or increases the violence and number of the 
attacks, may also give rise to the disease for some time in those very 
shghtly predisposed to it ; but it is then usually mftuife8t«d by isolated 
and not very severe attai:ks. The latter form presents the most favorable 
chances by far for electrical treatment, and on several oooasions 1 have 
secured very i-apid recovery in such cases. On the other hand, true 
migraine, as it occurs in so many neuropathic women and ueuraathenio 
men, especially in "brain workers," and usually continues until ftdvuicing 
years, is a disease wliich is influenced with difficulty, and is very rarely re- 
lieved even by the most careful electrical treatment ; we can scarcely ever 
hope for real recovery, and even any considerable amelioration is rarely 
effected. 

The true nature of migraine is still entirely unknown to us, and therein 
lies a part of the difficulty of treatment \Vo knon-n either in what part 
of the skull or its contents the pain is located, nor are we acquiiintcd with 
its more intimate pathogenesis. The attempt to refer the pain to vaso- 
motor disturbances, to spasm or paralysis of the vessels, aud, on the 
whole, to regard migraine as a disease of the sympathetic, I consider un- 
fortunate, since iu the majority of cases which I had the opportunity of 
observing, the much- discussed angiospastic and angioparalytic Bymptoms 
were absent diuring the attacks, and I must regard them, whenever present, 
as sequehe or part- symptoms of the entire attack, the true nature of 
which is still entirely obscure. 

The electrical treatment of migraine must therefore be restricted 
mainly to empirical measures, and clear indications concerning the choice 
of the method will only be presented when marked vaso-motor disturl^ 
nnces, symptoms of irritation or paralysis of the cervical svmpatbetic, are 
present, 

As a matter of course the attempt should be made at the onset to re- 
lieve the primary disease, the constitutional neuropathy (neurasthenia, 
hysteria, anaemia, etc), by electro- therapeutics (general faradization, cen- 
tral galvanization, electrical hath, etc.). You should then determine 
whether marked vasomotor disorders are present diuicg the attack ; if so, 
the method of treatment of the sympathetic developed by Hoist, according 
to polar principles, should ho instituted according to the character of these 
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laptoma (paralytic or spoBmodic). In the tiugioepastic form of mignuQe 
(pale, coul fac«, rigid, narrow artei-iee, dilated pupil iiud palpebral dssure, 
increase of the pain upon compression of the carotid) a stabile appliiatiaD 
of the An (two to 6ve minutes) is mode to the ecrvicHl evnipntlietic (Ca in 
the hand or neck), the current being gradually increased and diminished ; 
in the aitgioparalytic form (red, hot face, pulsation of the dilated arteries, 
congestion of the retina, narrow pupil and palpebral fissure, diminution 
of pain during compression of the carotid^ the Ca of a moderately strong 
current is applied to the cervical Byutpathetic (one to two minutes), and 
repeated oi>eningH and closures made, perhaps also a few interruptions ; 
too strong irritation should be avoided, since more marked dilatation of 
the Teasels would develop in conBequence. 

If no distinct vaso-motor diaturbancea can be demonstrated, you may, 
nevertheless, try one and then the other of Hoist's luethuds ; in addition, 
I have found some bencht from simple transverse and longitudinal con- 
duction of the galvanic current through the heod, associated with the 
ordinary form of golvauizatiou of the sjTiipathetic- Moritz Meyer cured a 
case by the treatment of painful points upon the cervical spines 

Finally, the faradic current may also be tried, either in the form of 
feeble, long-continued faradization of the head, preferably with the eleo- 
Irical hand, or idso as the " increasing faradic current," which has been 
praised to such an inordinate extent by Frommhold. By means of large 
flat sponge electrodes the primary faradic current is jMutsed from the iieclc 
(anode) to the forehead, or to that portion of the temple which is always 
affected by pain in migraine ; a very mild current is first employed, and 
then increased slowly and progressively, until an intense sensation ia pro- 
duced in the head ; from three to five minutes daily. 

All these methods of treatment must be continued for a very long time, 
usually months, even for years (with intcrmisfdous), if a pormaneut effect 
ia looked for. We can only speak of improvement or recovery if no attacks 
ocour, or tbeir severity and frequency at least have very much diminished, 
despite the ordinary exciting causes in females, especially during men- 
Btruation. 

The electrical treatment of the attack itself is usually entirely useless, 
but Hoist reports a few favorable results by his method, in paroxysms 
vhich were associated with marked vaso-iuotor phenomena. Frommhold 
also states that he lias often obtained temporary relief, lasting sometimes 
for hours, by means of his method. I have hardly ever been so fortunate ; 
but very recently I obtained, by means of the galvanic current, a magical 
e£Gbct iiiKiu on attack of very severe (anomalous) migraine. But Hucb 
cases are exceptional, and electricity is not a certain palliative for parox- 
ysms of this disease. 

4. Cervico-brachial neuralgias in their various forms are often brought 
to the notioe of the electro-therapeutist, and present no difficulty in the 
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eboiee of sottsfale ne th oi fc of faoalBBBi. Iha ttaalts in the majority of 
riMonsti^ ttenritk^ aad amifaB- 1-— fcM m&aaiffms, are astuU; veiy ntis- 
beieiy, OiMigh the; iiiiiitiiMii fiiMrt wa uaapatitA obetinacjr. As in 
other CMea, Um ptognon of Hm« ajajitoiBatic nentBlgus is -nry on- 

fsTotable. 

Tbe cboif^e of tlie mfttfaod of tieatniieat depends entirelj upon genenl 
principles. If possilde, eanaal tRaUaeat in the bc^imung ; then, accord- 
ii^ to peraooal pf cfere a ee, Ik bradic c uri re n t akmg the chiefly affected 
nerve-tnmka. or the fuadic btniit to the alected Berre distribution, or to 
the spinal oohmm in die i^gioa of the potnts of exit of the oerres. With 
the gnlfanie enrrcnt painfol potota ahoald be sought for upon the epiiial 
colli init, the plexus, or the affected oema, and a stabtte application of the 
An miide to such pointa ((^ to the stesnnm or back) ; the treatment of 
the brachial plexas in the snpraelaTicalar fo^ with the An is espocially 
important in many of tbeae oaea. In addition, descending stabile cor- 
renls may be oaed, tbe Ad upon the plexus, the Ca npon the poripberal 
nerve branches, especially upon any points dooloureux which may be 
present. If imprOTement is secured by such treatment, the stiflbess and 
weokneea, which may, perhaps, be left over in the muscles of the arm, 
may be removed by a few cathodal closures or by a labile application. 
When complicated with paralysia, the neural^ should be treated fint, 
then the paralysis. 

6. InU-jTo^tJ nrunlgiiu often present a much leas favorable prognoab^ 
and are occa^ooally very obstinate. Tlie rheumatic, neuritic. and traa- 
mstic forms are relatively favorable ; but those forms which are <]ue to ver- 
tebml disease (caries, carcinoma), meningeal tumors, pulmonary phthiss, 
tabes, and the like, ore very obstinate and often incurable, while tbOM 
varieties which are associated vrith herpes zoster in old people often pre- 
sent a surprising persistence. 

In ntldition to the cnusal treatment, intercostal neuralgia may b« 
treated in the ordinary manner ^-ith the faradio current A more 
favorable efTect is often obtained from the galvanic current, either bora 
tbe application of the An to the various painful points, or successtrdy 
along the entire length of the nerve (Ca indifferent ; vigorous current), or 
from the application of the An upon or immediately adjacent to the sjrinal 
column, the Ca being placed laterally and anteriorly upon the indrvidnal 
liainful points, Ibisloih-nia, which is merely a variety of interoostal neu- 
ralgia, is treated in exactly the same manner. 

6. Neuralgia of Ike lumbar j^le.rut with its different varieties (oeoral- 
gia of the crural, luin bo- abdominal, obturator, and lateral totaoeona 
nervee) is treated according to the same principles as sciatica, vriiich will be 
next conaidered. If it is not due to severe disease of the vertebm or 
psoas muscle, of the pelric organs, etc., it promptly yields, as a niJe. to 
electrical treatment. As a matter of course, a necessary eondittOB ta the 
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t exact poBeible determination of the aSected nene tracts. We mnjr 
emjiloy a descendiDg stabile curreut from tlie vetebral coIuidq (An) to the 
ofl'ectetl nerve trunks, or the stabile application of Uie An upon the vei-te- 
br:e and then upon the nene ti-unks and the chief jminful points (Cft 
upon the posterior surface of the thigh or the knee), or the application at 
the farad ic current in the well- known manner. If the eai)benuu8 nerve ii 
implicated, it BometimcB requires special treatment in the Ic^. A few 
cathodal closures or labile irritation at'ttie close of the sitting appear to 
he not unimportant 

7. Scialuxi, one of the most frequent neuralgias, is accessible to elec- 
trical treatment in very many cases. The disease is of common occor- 
renoe among the laboring classes, but it is not unknown in the highet 
classes. Tlie iudividnal cases differ greatly with regard to etiolo^'y, locali- 
lation in the various nerves, severity and curability, and the results are 
therefore estremely variable ; tliey are uniformly favorable in the rheu- 
matic and neuritic forms, especially in recent and mild cases, also in those 
neuralgias due to inflammations of the joints and to injury ; they are 
much more uncertain and often entirely negative iu the sytnptumatio 
fonus due to diseases of the pelvis, vertebne, ami spinal cord. 

The methods of treatment are those ordinarily employetl, modified by 
the deep position and great extent of the nerve, perhaps also by the site 
of the lesion. In the frequent rheumatic forms the galvanic curreut 
aliould be first resorted to ; the descending stabile current (on account of 
the great length of the nerve), the An being placed upon Uio eacrum or 
in tlie region of the plexus or the sciatic foramen (if this is the chief site 
of the disease), whUe the C« la placed lower on the nerve, upon the pain- 
ful points or the main branches. According to Remak it is ndvisnble to 
include small ports of the nerve (twenty to twenfy-five centimeters long) 
iu the current, and thus gradually pass along the nerve from the sacrum 
to the foot (for example, from the sacrum to the sciatic foramen, then 
from the latter to the popUteal space, fimdly from this to the ankle or tbe 
carpus), and allow a stabile application for one to three minutes iu each 
spot ; after some relief is obtained, a few closures of the current or n 
abort labile application is mode, by which means the not infrequent stiff- 
ness and feeling of heaviness in the muscles are most certainly relieved. 
The deep position of tlie nerves and the great reaiatauce of the integu- 
ment to conduction in tbe parts in question (with the exception of the re- 
f[ion of the knee-joint) necessitate strongcurrentsimd large flatelectrodo^ 
especially if the patient is obese. Tbe entire duration of a sitting should 
be four to ten minutes. It is i.n' i'..f:':?qiiently necessary to apply direct 
treatment to the individual branches of the nerve. 

I have obtained no less good results with the purely polar method, the 
anode being applied stabUe to the various parte of the nerve (lumbar ret- 
tetme, plexus, aciatio foramen, points douloureux) and the oatbode to tba 
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(Ulterior eurfaco of tlie abdomen or thigh ; stroug currenU are 
oud a few iDterrupUons are oit&a useful ia iDcrcoaing the effect Hie 
" circular curreol " of lt«mak (flxatioo of the An upon the Bit« of tlia le- 
sion or pain, while lite Ca is applied Bucceasively to a large numbtf of 
points l^ing in a circle luouud the An) is probably identical with the polar 
aDodal treatment. 

In particularly obstinate cases you may try Benedikt's plan of intro- 
ducing one electrode into the recttim, the other being applied to the re- 
gion of the eacrum and loins, time placing the sciatic plexus ae directly as 
possible within the current, and influencing the lesion more intensely. 
Ciuiselli recommends the prolonged application of simple galvanic ele- 
tnents ; they may be fastened to the limb and back, and worn for days aDil 
weeka 

Treatment mth the faradic current may also meet with success, and 
should be employed in the ordinary manner, either by the poBsn^ of a 
very strong farudic current through the trunk of the nerre atul its 
branches, or by the application uf the faradic brush to the int«gumetit of 
the sciatic <liHtribution, and the faradic moxa over the sciatic foremen, 
sacrum, lumbar vertebne, etc. Seeger has also employed the galvnoic 
brush with success. 

Other symptoms, such as anaesthesia, paralysis, or muscular twitchiugB 
and spasma, require special treatment according to well-known rules. 

All other forma of sciatica are treated according to the same methods, 
except that in many cases an especial causal application is superadded 
(in tabes and other diseases of the spinal cord and the like). 

Neuralgias of the urinary and genital organs (pudendo-lurmorrhoidal, 
spermatic, urethral, ono-Tesical neuralgia, etc), which also belong to the 
sacral plexus, are of rare occurrence, and suflScient electro-therapeutic 
obserratiuns with regard to them have not been obtained. As a niattvr of 
course, galvanic and faradic currents may be apphed— and often with 
evident advantage — in these forms, and it will not be difficult for yon lo 
determine the method suitable to each individual case. This is also tme 
of so-called coccygodynia, in so far aa it requires the application of electric- 
ity on account of its true neuralgic character. Favorable results have 
also been obtained in this affection (Seeligmueller). 

8. A'euralgiaa of the joints (articular neuroses) also reiiuire a brief 
consideration. In part they undoubtedly belong to the true neuralgias, 
develop in the lai^e majority of cases upon an hysterical basis, and tboir 
treatment therefore forms part of the therapeutics of hysteria (videljec-' 
ture XXXI.). They are most frequent in the knee and hip joints, more 
rare in the joints of the hands, feet, and shoulders. Tbey may be asau- 
ciated with all the classical symptoms of hysteria, but often pr«Bent very 
great difficulty in diagnostic differentiation from inflammatory, carious, 
and fungous processes in the joints. In all such caaee^ however, a thai 



SPECIAL ELKrTRO'THEEAPEtmCg. 953 

witb electrionl Ireatment, will do no barm, nnd the mpiil sncceBS of nach 
aa application may contribute ^catly toward clearing up the diagnoaia. 

The various aiitiiieiiralgic metboda of application of electricity may also 
be serviceable in articular neuroses ; in addition to the electrical ti-eatment 
directed aj^ainat the primary afTection, the transTerse passage of feeble, 
afterwanl of strong galvanic currents through the diseased joint ; or the 
isolated stabile application of the An, with the aid of Ijirge sjwnge eleo- 
trodea, or moist compresses, which surround the entire joint, and serve as 
tbe An (Ca indifTerent), or witb small electrodes upon the princijMil painful 
points on the joint and upon any painful paints which may be present in 
the spinal column ; anodal appbcations to tbe nerve trunks supplying th« 
joint may also prove advantageous. If our object ia not effected in tliii 
manner, wo may pass vigorous faradic ciurents transversely tbrougb tbe 
joint, or apply the faradic brush energetically to the integument ol the 
joint, the painful points, or the corresponding part of tbe vertebral col- 
umn. Tbe esperiunce of O. Berger and Moritz Meyer, which I can con- 
firm in part, teaches us that success is obtained occasionally by all these 
methods. 

106. Obarrvation 6y Bergrr. Articular neuralgia. — A woman, aged 
thirty-eight years, Increasing pains in the knee-joint after a contusion 
of this part. Rest in bed. bUstera. cotton -batting, etc., increased the suf- 
fering, which was ansociated afterward with muscular contractions and 
formication. Status at the end of four weeks : halting gait, pain in the 
knee, no external abnormality of the joint ; painful contractions of the 
flexor muscles ; tibial nerve tender on pressure ; extreme cutaneous hyper- 
algesia of tbe knee-joint and tbe lower third of the tliigb. Treatment : 
faradization, An in tbe popliteal space, faradic brush to tbe skin over the 
knee and neighborhood ; strong current for four minutes ; faradic moxa 
upon a painfiU point near tbe patella. Immediately afterward tbe patient 
walked almost half an hoiu- withont pain. Another sitting held on tbe fol- 
lowing day, although tlie symptoms had disappeared ; cure permanent 

107. Obgervation by Berger. Articular neuralgia.— Ad antemic and ner- 
vous lady, aged forty-five years, suffered a contusion of the right knee in 
December, 1872. After a number of weeks, violent pains in tbe joint, 
radiating upward and don'nward, resisting all treatment, and finally impli- 
cating the left knee. Two mouths in bed without improvement. 

July, 1873. — Cutaneous auirstbesia and analgesia in the ngbt knee- 
joint witb frequent formication ; a painful point on each side of the eapi- 
tulnm fibulie, nlso in the right popliteal space. The patient can walk only 
a few steps when led, the pains being estremely violent Treatment : sta- 
bile galvanization of both knee-joints with a moderately strong current for 
eight minutes. Considerable improvement immediately aft«r the sitting ; 
the patient was permanently cured of her disease, which had lasted many 
montba. after seven sittings. 

9. The so-C[illeil Hutvrnl nenral/jitm ore stiU so obscure witb regard to 
Uieir character and development, that it is difficult to meet them vdth ra- 
tionally founded therapeutic measures. Their occuirence is bo frequently 
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due to the presence o( severe anatomioa] changee of the corresponding 
organH (cardiac disease, aneurisRis, atheroma, gastric ulcer, carcinoma, 
etc), or it is often bo difficult to difierentiute them with certain^ from 
Buch processes, that some uncertftinty in therapeutics is readily exphcakle, 
and we generally restrict ourselves to palliative measures, Hitherto elec- 
tricity has been applied but timidly to these affections, in part, because 
we do not know, as a rule, whether the neuralgia is located in the sympa- 
thetic, cerebral, or epinol nerves, whether it is of peripheral or oentnl 
origin, etc. 

If a conclusion has been reached with regard to the diugnosis, ele>ctri- 
city may be employed as our chief an ti neuralgic, and this must be done 
according to general principles, while the method of application will un- 
dergo various Uttle modifications according to the location of the diseased 
nerve, and the views concerning the real site of the affection. 

According to the most recent statements of Jurasz, neuralgia of the 
pharynx and laryns occurs very rarely ; much more frequent are the hyper- 
lestbesia and paresthesia of these structures, which yield to eituilar thera- 
peutic measures. If you have convinced yourself of the absence of all 
grosser changes in the pliaryux and laiynx, or have employed incfTectnallT 
the customary local remedies, a trial of electricity is certainly justitied. 
Various methods may be tried in succession ; transverse conduction of a 
stahile galvanic current through the larjnx and pbai^'ngeol region, or a 
stabile current from the neck to the an<;le of the lower jaw and to the 
larynx ; or the stabile apphcation of the An to the laryns {Ca upon an in- 
different point, for example, the dorsal vertebr.-e). The faradie current 
may also be employed in a similar manner with moist electrodes ; a still 
more vigorous effect nmy be expected in many cases from the application 
of the fnradic brush to the laryngeal and pharj-ngeal regions, and is espe- 
cially advisable in hysterical and hj-pochondriacal hyperfestheaia and par- 
asthesia. An endopharyngeal or endolarj-ngeal application of the corrent 
cannot be made in such cases. 

Neuralgia of the cardiac nerves (angina pectoris) occurs much more 
frequently and appears in many cases under the marked form of a true 
neuralgia. But it is very difficult to determine how much is due to purely 
sensory irritation and how much to coincident motor irritation, whether 
the latter is produced in a direct or reflex manner, whether the affection 
is located in the pneumogastric or sympathetic, etc. 

Those forms and attacks will be special objects of electrical treatment 
in which the neuralgic symptoms occupy the foreground, although tlio 
recent observations of Ziemssen {vide page 227) also render it probable 
that we may affect the cardiac movements directly. The existence of a 
disease of the heart or great vessels does not exclude a trial with electricily, 
since a judicious application of the latter will not do any harm, but may 
perhaps exercise a palliative effect. 
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The most varied forms of application of the electrical current have 
beea employed hitherto. Duchennc first used the (arodic brush as a 
Htrong cutaneous irritnnt ; he faradized the cardiac region aud especiiiUy 
the nipples with strong currenta and, in a number of coses succeeded in 
cutting the attack short at unco ; in a few instances he produced recovery 
of the disease by the continned application of this measure. 

108. Obiteri-alifin by Duchenne. Idinpalhiv angina pectoris. — A tanner, 
aged fifty years, previously healthy, suddenly noticed {November 1862) a 
deep-seated burning in the mammary region and radiating pains in Uie 
left arm, associated with formication in the latter ; palpitation of the heart, 
oppression, feeling of terror, patient bent over forward ; relief from 
venesection at the end of eighteen hours. These attacks recur upon the 
slight«st provocation, with every movement or excitement Gradual di- 
minution of the number and violence of the attacks, but the patient was 
compelled to remain almost absolutely quiet Every movement, merely 
bending over, will produce an attack ; violent pain with a feeling of oon- 
striction under the lower part of the sternum, radiating into the left arm ; 
pain increased on walking. Respirations siiort ; violent palpitation ; 
profuse perspiration ; expression of great terror in the face, etc. Attac^k 
lasts eight to ten minutes. At the beginning of such an attack (April, 
1853) the strongest possible faradic current is passed through the nipple by 
means of two metallic electrodes. With the t«rriblc pain produced in this 
manner, the violent thoracio ])ain disappeared at once and the patient was 
forthwith in his normal condition. It now became much more difficult to 
produce another attack ; when this did occur finally, it was also checked at 
once by electro-cutaneoua irritation of the upper sternal i-egion. Consider- 
able improvement on the following day ; more marked exertion is required 
to produce an attack, which can be checked in two or three seconds by 
farado-cutaneous irritation of the thorax. After this day no further attacks 
occurred ; after four to five more applications (within two weeks) the 
patient was again able to work. 

Leas trust should be placed in direct faradization of the cardiac region 
with large electrodes (transversely from the heart, to the dorsal vertebra;), 
or in &u-adization of the pneumogastric and sympathetic in the neck, in- 
cluding the cervical spinal cor*l. 

On the other hand, Eulenburg looks for especially favorable results 
from Uie galvanic current, which may also be employed in various ways. 
First, tlie stabile application of the .\n directly upon the cardiac region and 
the region of the cardiac plexus (with a lar^ fiat electrode), the Ca being 
pbtced ojiposite upon the dorsal vertebnp. Euleubui-g places the An on 
the sternum, the Ca on tlie lower cervical vertebnr. Then we may en- 
deavor to affect the large nerve-trunks (pneumogastric, sympathetic) lying 
in the neck, either by placing the Ca upon the cardiac region and the An 
upon these nerves, or by ordinary galvanization of the sympathetic, or by the 
aaoending current passing from tlie lower to the upper cer%-ical ganglion 
of the sympathetic (from which method Loewenfeld recently bos reported 
hrortblB i-eeulta). At all events, it appears to me to be important to is- 
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cimie in the treatment the cervical cord in its entire eitent, not leas also 
the medulla oblongata. Galvanization of the sympathetic is also anccessliit 
at timea in the bo called vasomotor ODgina pectoris, as illustrated bv 

the following case : 

109. Obsermtinn h;/ Hvebner. Angina pectoris. — A man aged forty-aeven 
years. HuHered from dyspepsia and a feeeling of tension in the cardiac 
I'egion after an exhausting drive. A few days afterward (Klarcli 16tlt), 
the first violent attack of angina pectoris, followed during the next week 
by one to four attaclis daily, some of them very violent nnd lasting tliree 
hours ; ordinary remedies of no avoiL Alarch 25th. first galvanic apphca- 
tion ascending to the cervical sympathetic, then the Ca to a few pninful 
points on the back, and labile and stabile upon the cardiiu; region, the An 
being placed over the third ganglion. After this sitting the attacks 
ceased and have not since returned. 

The strength of the current must be chosen with a certain amount of 
caution ; like the duration of the sitting, it should be increased vet^ 
gradually. Eulenburg advises that active irritation of the skin should be 
avoided iu those cases in which symptoms of irritation of the pneumogastric 
and paralysis of the vessels are manifested from the beginning. Recently, 
in a verj- severe case of angina pectoris, I observed at least favorable 
palliative effects for a number of months from galvanization of tbe neck 
and directly over the heart. 

As iu angina pectoris, so also in neuralgia of the nerves of the stomach 
(cardialgia or gastralgia) we are equally uncertain whether the affection is 
located in the pneumogastric or sympathetic and n-hether it is due to 
organic changes in the stomach (ulcer, beginning carcinoma, etc.) or not 
Leube has therefore recommended electricity as an aid in diagnosij. 
However, there are not a few cases (in hysteria, neurasthenia, chlorosiB, 
etc.) iu which the purely nei-vous chai-acter of the affection is not doubt- 
ful for a moment, and in which n trial of electricity' appears indicated. 
Leube applies the An to the epigastrium, especially to its most painful 
part, the Ga in the left asillary line or more toward the spinal column, 
and allows a strong stabile current to pass for five to ten minutea Vii- 
ioli has recently cured a very severe hysterical gastralgia by tbe applica- 
tion of the An (Ca in the hand). 

110. Observation b'j Leube. Gastralgia. — A man, aged forty years. A 
vegetarian ; suffered for three weeks from pressui-e in the epigastrium, al- 
ternating with pain which extends to the back, disappears in the recum- 
bent position and, when very severe, is associated with hiccough. Eating 
has no effect ; appetite good ; no vomiting. A tender, painful point as 
large as a dollar in the region of the stomach. Diagnosis uncertain be- 
tween ulcer and gastralgia. Galvanic treatment ; An upon tie painful 
spot in the epigastrium ; the violent pain disappeared at once. The same 
^ect is produced by each repetition of the galvanization ; recoreiy in a 

^Inr weeltfl. 
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^ lYeBtment o( the spinal cord or of the sympntlietic and pneumogastrio 
^m the neck may be employed to advantage. Beai-d rccommeiidB espe- 
cially bis " central galvanization " (vitle pa^ 118) as a sovereign reiueily 
agunst nervous cardialgia. As a matter of course, direct farudlziition of 
tlie gastric region or the faradic brush to the epigastrium ia also allowed 
or indioated. 

Neuralgia of the intestinal nerves (enteralgia, colic) presents the sama 
characteristics as gastralgia ; veij little has been determined hitherto 
concerning its treatment by electricity. It is difficult to differentiate 
purely nervous colic from tlie other forma vrhich are due to disease of the 
intestines, foreign bodies, worms, etc. Electrical treatment is chiefly in- 
dicated in hysterical individuals, while the most frequent foi'm of colic, 
viz., lead colic, yields, as a rule, so readily to other measures that the 
lonner is unnecessary. 

If, however, you desire to make n trial of this plan, the An should first 
be apphed stabile to the abdomen, upon the si>ecially painful ports or 
upon the region of the cceliao plesus and alMlomioal aorta, with a large 
flat electrode ; the An may also be appHed to the spine in the region of 
the splanchnic nerves, sixteenth to twelfth dorsal vertebne, the Ca upon 
the abdomen, with quite a strong current 

These points of application are also advisable for the faradic current, 
which is introduced by means of moist electrodes ; the integument of the 
abdomen, especially the epigastrium and groins, is the moat suitable 
point of application for the fanulic brush or mosa. 

In lead colic it has been recently recommended to produce an evticua- 
tion from the bowels by means of strong faradic currents and thus to out 
short an attack of colic (one electrode Introduced into the i-ectum and the 
other passed over the entire surface of the abdomen). 

111. (.ibservation by Rothe. Lead colU-.^A. type-setter, suffering for 
six days, from violent lead colic with complete olMtipation. Injections of 
morphine and the strongest drastics were useless, as were also copious 
enemata of soap and water. Treatment : a wire-shnped rcctnl electrode 
was introduced as for as possible, the other bruad s]X)ngc elrctrode ap- 
plied labile to the abdominal walla and lumbar vertebrii- for eight to ten 
lainutes with a strong faradic current. After this application the pains 
lUsapiieared almost entirely ; a few minutes later an enormous evacuation 
from tlie bowels occurred with relief from all the symptoms. 

Finally, mention must be made of the not very rare neuralgias in the 
distribution of the ]>elvic nenes, among which may be uicluded on entire 
series of painful affections which are known under different terms, such an 
hypogastric, uterine neuralgia, hysteralgia, dysmenorrhtsa, spermatic, ure- 
tliral, ouo-vesicol neuralgia, etc ; certain cases of vaginismus and ovoriaD 
hypencsthcsia may also bo included in this class. These innladies have not I 
t>ceB studieil sufficieutiv by electro-theraijoutists, still less by gy&ecolo- 1 
17 
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giata, in vrhoett deportnietit these morbid prooeseea usually fall, altbongh 
considerable good may pi'obably be efTected in these diseases by electrical 
treatment. Neftel has made an attempt recently to investigate this sub- 
ject from a general stnndixiinl and desfriboa a method of gdlvanic treat- 
ment to which he attributes excellent results. He callu it " gaJvanizatioD 
of the geuito-spinnl centie and of the Hplunchnic iienes," storting from 
the hypothesis that the tlierapeutic results are mainly due to the action 
upon these ports. The followiug is the method : the An is applied to the 
back over the lumbar enlargement, the Ca in the middle of the hypogss- 
triiun, immediately above the symphysis ; a few changes of polarity ore 
first made, then the strength of the current is diminished aud the An 
slowly passed up and down along the entire spinal column ; the same 
procedure is then repeateil with a stronger current ; then the Ca is placed 
first upon one, then upon the other inguinal region and a similar applica- 
tion of the All made, with repeated changes of polarity. This vigorous 
method is said to be Bpeciafly adapted for violent attacks of dysmenorrhtea 
and the pains are at once removed or at least omelioroted. After the ces- 
sation of menstruation, it is continued for a lung time (one to three 
months) with milder currentH. A similar plan with the appropriate 
change in the points of application is also recommended by Neftel for tht 
remaining visceral neuralgias ; he cautiously adds, however, that changes 
of polarity and strong currents were not well tolerated by hysterical 
pntietits. Holat has also treated a case of dysmenorrho^a in iHs luanner 
with favorable results. As a matter of course, pregnancy constitutes a 
counter- ind ication. 

The attempt may also be made to relieve these neai-algias with tlia 
bradic current by the two usual methods of application. Ht'iulein rap- 
idly relieved a spermatic neuralgia by feeble faradic currents (electrical 
hand). 

Ton Hoist has employed recently the galvanic current with succesB 
against ovarian hypcnesthesia, one pole (which ?^ being placed upon a 
pftiolul point on the spine, the oilier upon the sensitive ovary. 

Under tbe term " rectal neuralgia " Neftel has described certain condi- 
tions characterized by great pain and disagreeable sensations in the rec- 
tum, which occur after each act of defecation and may continue many 
hours, nothing abnormal being found on physical examination ; he baa 
also treated this aOection successfully l)y the metliod above described. A 
'""lil"'- condition may also occui' in the bladder and urethra after urinatiaB. 
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LECTUKE XXVII. 

Introdnotion : ChaiBCtcr and Pathog«iiesU of Sposnis ; the SpaaUe ChiuigQ — Tha 
Elocuical Imt«bUity — Electro- the rape ntic ObjecU: Relief of the Direct Motor 
Imtatloo; lUmovnl of Itellez Stimuli ; I'roJuctioQ of Vi^nnin Inhibition; CilM* 
—Eleolro- therapeutic Metboda ; Caufial Trentmenl ; Direct AnticpuCic Treutmenb 
and ita Methods ; Galv.inic and Foradie ; Genern] Plan of Treatment ; Resulta— 
Individnal Forma of Spasm : Spasma of the Mosctea of Maiitication ; Himlu 
Facial ^pasm ; Blephoroapaam ; Spasm in the Dixtribnlion of the Spinal Acma- 
■ory and in the Xoiik - Spaem in the Mudcles of the Trunk ; Reipiraloc; Spania, 
SiAgultiu, etc. ; Spasms in tbo Upper and I>ower Limtw. 

Is turuing to the conaidemlion of the electro-tberapeuticB of spoaroa, 
I enter upon a field wliich presents cei-lain analogies to Ihe ncunilgiaa, 
but ia much more difficult aud complicated than tbe Intter. Tlie study of 
conTulBtons coQetitiites one of the darkest chapters in the pathology of the 
uerrous systcni, and in very many of the remiirkable affections belonging 
to tbiB category we are entirely ignorant of tbe situatioii aud character of 
tbe primary lesion of the nervous system and of the pathogenesis. 

Our treatment of these affections, accordingly, is also based upon a 
Tery uncertain foundation ; tbe results are sometimes unexpectedly good, 
sometimes equally unexpectedly negative, and, at all events, the eleclro- 
therapeutic success is much inferior to that obtained in neuralgias. We 
must, therefore, enter upon this field with a cautious reserve, as there is 
much room for eiact therapeutical investigations. 

We will devote, at the onset, a brief consideration to spasm in general, 
and then to those coses in which more or less localized spasms have a 
quired a certain independence and appear aa distinct maladies, or those in ^ 
which such local spasms are merely part-B}-mptoms of grosser local dis- 
eases of the nervous system. I will reserve (or consideration in subss* 
quent lectures those forms of spasm which have been introdacod into 
neuro-patbolog^ as so-called general neuroses, or also as central (funo- 
tional) neuroses lehorea. epilepsy, tetany, paralysis agitons, etc.). 

A brief review of the nature aud pathogenesis of convulsions is neces- 
sary OS a foundation of electro- therapeutic methods. If we define tliem as 
"involuntary muscular contractions, produced by pathological processes." 
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expreasion in tbu3 given to the fact that abnormal h-ritative proceaaes — 
abnormal either from their mere occurrence or their intensity — have oc- 
curred in the motor apparatus in the widest sense, viz., the muscles, motor 
conilufiting paths, motor and reflex centres. In the majority of cases, 
however, we know absolutely nothing concerning the nature of the natii- 
live or histological changes in theae parts, which have either produced 
the abnormal irritative process or constantly accompany it. The most 
superficial consideration teaches that the spasm is not produced by gross 
anatomical changes, since the latter are always followed by paralysis ; and 
even if we And, as is not infrequently the case, gross anatomiqal lesions in 
spasmodic diseases, we may always assume, with some degree of certainty, 
tlrnt they have not affected the motor apparatus itself, but are found in its 
vicinity, and thus exercise on irritant effect upon it. If spasm and panly- 
sis are associated in the same motor tract, it must be assumed that the 
cause of paralysis is situated in n more central portion of the path of con- 
duction than that producing spasm. We are therefore forced to the con- 
clusion that spasms iu general cannot be due to severe anatomical lesions, 
but that we have to deal mainly vnth finer (molecular, nutritive, circula- 
tory) changes which may be produced, it is true, in various ways. And if 
we consider carefully the relations of certain spasms to their cause, tlie 
view is forced upon us that these causes frequently do not produce directly ' 
the morbid irritation in the nerves which gives rise to the spasms, but 
that the latter are induced by a special and peculiar change in the motor 
apparatus, a sort of "spastic change," analogous to the previously meu- 
tioneJ " neuralgic change,'' and that this constitutes the real nature of the 
spasmodic affection and produces the inilividual spasms. But these are 
merely more or less plausible surmises. 

With regai-d to the pathogenesis of these pathological stimuli we may 
say that they owe their development eitlier to an abnormal intensity ot 
the stimulus or to increased escitabihty of the motor apparatus. In Ten- 
many, perhaps the majority of cases, it will not be possible to sepanie 
sharply these two factors, and not infrequently they will be asaociated 
with one another. But at all events it is more probable that the increased 
excitability plays a more important pai't in the pathogenesis of convulsions 
than the inciease in the intensity of the stimulus, and that what I hate 
joat described as " spastic change " of the motor nerves moy not differ 
veiy greatly from such an increased excitability. But we still possess no 
knowledge as to what the character of this irritative process must be in 
order to produce the various forma of convulsions (tremor, spasm, tetanus, 
contracture, clonic convulsions, etc.). 

The abnormal ii-ritative process may act directly upon the motor appa- 
ratus, as upon the muscular fibres themselves and the motor terminal 
plates (fibrillary contractions, cerbtiu forms of contracture), or upon the 
peripheral paths of conduction (from neuritis, injury, etc.), or upon the 



>tor p&ths of conduction and the central apparatus of the Bpinal cord in- 
cluded ill them (iii myelitis, spastic spinal paralysis, etc), or, finally, upon 
the brain (apoplexy, tumors, in&Ammation, etc.) in various parts, from 
irritation of the conducting -paths as well as the centres. In illustration 
of this I will merely mention Nothuagel's conrulsive centre in the pons 
and the recent experiments upon the cerebral cortex. 

On the other hand, the irritative process in spasms is not infrequent]; 
produced indirectly, most frequently in a reflex manner, either by an ab- 
normal condition of irritation in the sensory terminal apparatus and paths 
^as in disease of the sensory nerves themselves, iu irritation of surfaces 
^Hxioh in nerves, the skin, mucous membranes, retina, etc.), or by an abnor- 
^Hfaally increased irritabihty of the reflex centres in the spinal cord and 
^^Brain, which will convert the normal physiological stimuli into spasuodio 
^^Kentrifugal irritations (as in myelitis, tetanus, etc.). 

^^K To what extent, finally, the inaction of inhibitory mechanisms may be 
^^Btoade responsible for the jutthogeuesis of conrtdsions, will not be cousid- 
^™ ■«red closely, since our previous knowledge of the situation, diameter, and 
mode of action of these mechanisms would ho insutlQcient to exert a deci- 
*ive inHuence upon our electro-therapeutic measures. I will merely add 
that the existence of a (general neuropathic disposition or affection will aid 
considerably in the production of spasms, even of many local ones, and 
that without such a favorable predisposition very many local spasms would 
not be produced by certain exciting causes. This is true ol a gonoral 
neuropathic taint, of hysteria, neoraatbenia, aniemia, chlorosiB, and per- 
ba|)s of other conditions which enfeeble the nervous system ; this feature 
must be carefully considered in treatment. 

This is naturally not the place to enter, even in brief, ujwu the symp- 
tomatology and diagnosis of individual forms of spasm. But I will not 
omit to state that, for a successful therapeutics and the development of 
therapeutic indications and methods, it in indispensable to obtain the most 
accurate knowledge couceming the neuro-muscular tracts affected by the 
spasm (very grave errors not infrequently occur, for example, in mistaking 
the side'of the body affected by the spasm, as in spasm of the muscles of 
the throat and neck) ; to endeavor to ascertain, as far as possible, whether 
the spasm is produced in a direct or reflex manner ; to determine, iu the 
first event, the exact site of the lesion with all our diagnostic aids ; in the 
other event, to determine with great care the sensoty nerve tract from 
which the morbid irritation proceeds. In this respect I will remind you 
especially of the spasm -producing or spasm -inhibiting preeeure-poiots dis- 
covered by Graefe, Remak, and others, and which posuess such great im- 
portance in electro- therapeutics. 

Cnfortunately I am compelled to say that electrical eiaminatiou has 
hitherto contributed little or notliiug to the elucidation of these important 
points. In ver^- many, especially in pure CMee, uu change is discovereil 
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in tiie electrical excitability ; iii complicated cases changes oocasioiully 
occur whicfa are connected with the accouiiianjing paralysis and have luitli- 
iug to do with the spasm as such. There is no change which is peculiar 
to spasm, and even with a careful qualitative examination there ore very (ew 
cases in which wo can detect the anomaly which is moat to be IcKiked for, 
viz,, increased electrical excitability. This has been observed with great 
reguLuity in tetany since the change was first pointed out by me ; I hav» 
been unable to corroborate this observation with regard to chorea. At 
all events, other and finer methods of examination are necessary in order 
to determine any changes which may bo characteristic of spasm. Tlie 
apparent dimluutioa of electrical excitability, which is found not iufre- 
ijuentty in controctured n euro- muscular tracts, because feeble stimuli can- 
not find any expression in the already contracted muscles, must not be re- 
garded as a real diminution. It is oocasionally possible to demonstrate 
points of i^ain and pressure by means of the electrical exaininatiou ; in 
difficult cases this examiuatiou should not be omitted (Ca upon the Bpine, 
the plexus, etc.). 

After these introductory' remarks you will have formed some idea of 
the objects to be effected by electro- therapeutics. In the first place, the 
ivmoval of the direct motor irritation ; this may bo done by diminution 
of the excitability, by on electro ton us of the motor ap])aratus, i.e., by the 
modifying effects of electrical currents ; or by the removal of patLological 
irritants from the neighborhood of the nerve (congestion, infiammatiou, 
cicatrices, etc), for which purpose the vaso-motor and catalytic actions of 
the current are resorted to ; or we endeavor to utilize both categories of 
actions, in order to abate the hj-pothetical molecidar or nutritive disturb- 
dnce in the motor nerves, the spastic change. 

The second object consists in the removal of the reflex irritants pro- 
ducing the spasm ; these should be treated in the same manner oa neu- 
ralgias and other conditions of sensory irritation, i.e., by means of the 
modifying and catalytic actions of the cuirent ; to this categorj- belongs 
also the treatment of certain pressure points, which is so useful in many 



Finally, we still possess another means of relieving convulsions, viz., by 
the production of vigorous inhibition, by which the motor irritative pro- 
cess is suppressed ; this ia done by the aid of strong peripheral sensory 
irritation, i.e., by the stimulating action of the current. 

You will soon learn that this latter method is also occasionally ami- 
able for the production, by means of over- stimulation, of a sort of exhaus- 
tion of the motor apparatus, and also in order to relieve secondary nutri- 
tive disturbances (shortening, atrophy, etc.) which develop occasionally 
in muscles that have long been the site of spasm. 

It also goes without sa^-iug that the most varied actions of the cur- 
rent may be utilized in meeting the causal iudicatiDn, i.e., the remoral of 
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e primary affection which han given riae to the epasm, snclk as neuritla, 
myelitis, gray dogeneratiou, hysteria, neurasthenia, etc. This coincides 
not infrequently with the direct nntispastic treatment, 

Despite the uuiueroua aida with which the electrical cui'i-ent aeema to 
furnish uu, the elect]x>- therapeutics of convutsioue presents much greater 
difficultieg and uncertaiuticB than that o( neuralgias. The results wo by 
no means so briltiant and certain, and often dej>oud more upon chance 
thau upon the skill of the electro- therapeutist. 

However, literature and practical experience furnish numerous asoin- 
plea of favorable results from the electrical treatment of the most varied 
forms of flpn»m. The following cases will serve as illustrations of the dif- 
ficulties of treatment, oa well as of the different methods of electrical ap- 
plication. 

112. Personal observali>m. Left facial rpatm (conviilgive tic). — A man, 
aged forty-eight years. Suflering for ten days from mimic facial spasm of 
the left side, occurring in numerous typical attacks ; it developed suddenly 
without known cause. Ualvauic treatment : An stabile upon the pes anse- 
rinus, stabile from the nerve-trunk to the muscles ; later, galvBuizatiou of 
the sympathetic. After twelve sittings the affection grew somewhat worse. 
Treatment then intermitted for two mouths, slow improvement, eight to 
ten attacks daily. Ctalvanic treatment then resumed ; iu the next ten days 
attacks iucreaaed to twenty-live a day. Then injections of morphine for a 
month without cRect. Then application of increasing faradic currents ; 
after the fifth sitting, attacks reduced to five or seven per diem ; after the 
twelfth sitting three attacks occurred during the nest few days, and they 
then cen-sed entirely. 

Patient remained well for two years; in March, 1870, it reappeared, 
twenty to thirty attacks daily. Treatment was now begun with increasing 
fiuwlio currents : no improvement in the next six days. Then galvanic 
treatment with An stabUe ; ilisease grew worse after fifteen sittings. Then 
increasing fai-adic currents again ; stationary after ten sittings. Then io- 
dide of potassium for three weeks, then bromide of potassium ; improve- 
ment : sis to seven atta<.<ks daily. Increasing faradio currents were again 
employed during fourteen sittings, with no result. After administration of 
large doses of valeriaute of zinc the spasm ceased at the end of two weeks. 

January, 18TH, disease reappeared ; three to six attacks doily. Various 
metluHls i)f electrical treatment had no noteworthy effect. 

113. i'ttioiiat oltnT'iitioii. Bilatertilniimelic facial ejiaiim(blFphoroi'ptum). 
— A man. agoil twenty four years. Suffering for three months from 
marked winking, associated with a burning sensation in the eyes and 
photophobia ; gradual increase to violent facial contractions. The affec- 
tion hail been improved by ophtbalmological treatment. Status on No- 
vember I6th, 187U : frequent attacks of bilateral mimic facial spasm ; first, 
repeated vigorous contraction of the orbicularis pali>cbraruni, then opening 
of tlie eye, vigorous spasmodic coutmction of the frontal muscles and 
those around tlie mouth, .\ttack8 occur eveiy two or three minutes. 
(Mvauic treatment : An stabile to the eyes (Ca in the neck), then An 
stabile to plexus onserinus on both sides. Considerable improvement 
on following day ; cured after fifth sitting. 
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Morc'li, 1873, patient retume with same affection, nliicli had began 
three mootba j»rei-iously, after a loug walk in the slow ; attacks not so 
violent fts formerly. Galvanic treatment (euiue as before) produced re- 
covery in two sittings. 

114. Pergonal obecro^ion. Left viinwlic facial gjMsm. — A woman, aged 
twenty- three years. Was operated upon in ISfiC for etrabisroua of left e>-e. 
In spring of 18G7 twitchinga of k-ft dile of face began, and grodtuUly 
increased in severity, especially during escitement. The spasm effects 
diiefly the uiuacles around the left eye and in front of the superior maxUlA. 

November, 1867. Galvanic treatment ; An stabile on the plexus anaa- 
rinus and behind the ear. Cousideiulile improvement after thirty sittings, 
and final recovery. 

115. Ob^iercatioii by Moriti Mei/cj: Clonic spamn of llv facia} mugd^n. — 
A man, aged thirty years. For several months gntduolly developing right 
mimetic facial spasm, especially in the orbicularis palpebrarum and the 
muscles in front of the ear ; many attacks daily. Pressure upon small 
painful swellings over tlie transverse pi-ocesses of the third and fourth 
cervical vertebriB (on the right side) checked the spasm atonoe. Galvanic 
treatment : apjilication of An (ten elements) to these spots ; oluioat cxnn- 
pleUt recovery after thirty-seven sittings. After an attack of pneumooia 
a relapse occurred, but was entirely cured in twenty-tliree sittings. 

llti. Pergonal obgervfUion. Spasm of Ihe right eplenius muHde. — A 
woman, aged forty-five years. Suffering from this 8[)asm for three montha 
as a result of great excitement. It was preceded by rheumatoid pains in 
the occiput and neck ; the head always drawn to the right side ; sleep 
disturbed thereby ; no rehef from injections of morphine. Carefid exam- 
ination showed tliat the apagm affected the riglit upleuius muscle. It 
occurs especially during uovementa ; interferes with work ; now ceases 
during sleep. Patient aua:roic, otherwise healthy. Galvanic treatment : 
.\u stabile upon the muscle and the neck on the right side, then stabile 
transversely and obliquely tlirough tlie head. Distinct improvement after 
four weeks' treatment, but no further progress thereafter. Foradio cdr- 
rents of increasing strength ore then tried ; considerable improvement in 
three weeks ; spasm, in a mild degree, only occurs while woUdng. 

117. OlMierixUhn by E. Itemak. Sjiasm of the iie(A- ntusdes. — A womatt, 
tt'-ed tifty-two years. Suffering nearly three yeoi-s from very severe spaams 
ol tlie neck muscles (cbiefiy in the distribution of the right spinal acces- 
sory, but also in the spleniua, biventer, etc., together with spasmus nictitaua 
and spasmodic roUing movements of the eyeballs). Patient had l>een oured 
of a similar affection seventeen years previously by galvanization of the 
right transversa processes of the cerrical vertebne. Then remained well 
for fifteen years. Itecent galvanic treatment had no effect. But a bvoro- 
ble reaidt waa again obtained by anodal applications to the right trans- 
verse ])rocesses of the cervical vertebrte widi a moderately strong stabile 
current ; very marked improvement was effected in eighty-four sitttiogs. 

lis. Obaervafion by Moriti Meyer. Clonic i^xiam of individual nect 
viUBclejf. — A woman, aged twenty-six years. Suffering for a long time 
from spasmodic movement of the head to the left anil posteriorly, asso- 
ciated with creaking in the region of the lower cervi<»l vertebne and 
various spasmodic twitchings in the limbs. Exumiuatiou showed abnor- 
mal tension of the muscles in the left upper part of the neck ; transverse 
processes of niidillo cervical vertebri' on left side tender on pressure. 
Spasm almost constant, very distressing. Treatment : stabile application 
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of An to left upper part of neck, Ca' in tbe aubmasillary fossa, for ten 
minutcB, an assistant with cUfficulty holding Uie head. In four weeks the 
patient could hold tlie head In normal position without assistance tor a few 
seconds ; after one hundred and seventy-liTe sittings improvement so far 
advanced thiit patient could go to a watering-place. Later recovery. 

119. OiiHrmlwn liy Erdmann. lllieun\alic lorticoUis. — A merchant 
Huffering for four mouths from rheumatic torticollia ; head turned to the 
right, forward and downward, chin approximated to right shoulder. Ptw- 
sive movements poiuf uL Faradic brush to neck rendered movements of 
head more free for several hours. This, together with direct faradic 
stimulation of left splenina produced recovery in ten sittings. 

120. Otweriwiton by M. Rosenthal. Rheumalic torticoltiis. — A woman, 
aged thirty years. Suffering, as the result of esposure, from contracture 
of the right trapezius ; head drawn to the right and Lackward. chin 
turned to the left. Passage of galvanic current through the mifscle pro- 
duced more free mobility of head. Kecovery after second sitting. 

121. ObsertxUion by Mcirilz Meyer. JilteumiUic conlnutture u/lhrt levator 
an;/uli scapulie. — A girl, aged twelve years, as the result of a cold, was 
affected with contracture of left levator oiif^uli scapuhe, the belly of which 
WHS very distinct Immediate relaxation after passo^ of current with a 
few changes of polarity. Complete recovery af^r third sitting. 

122. I'eraonal ofrserofl/ifin. A'eriwtia perfussia. — A girl, aged twelve 
yeaj-a. Has had spasmodic attacks of coughing for six months, occurring 
every few seconds as a hoarse, toneless cough, associated with slj^t 
twitchings in shoulders and lips ; complains of pain in laryngeal region. 
Also suffers from migraine. 

Faradization of Isunj-x for two days ; disappearance of pain, but cough 
unchanged. Then galvanic treatment : stabile, transversely through ttie 
lamyx and from neck to lornys. Verv rapid improvement ; cough disap- 
peared in five daya Patient i^turiis home and diitease reappears in few 
days. Comes imder treatment four weeks later ; after four days cough 
disappeared under galvanic treatment, which was continued a few weelu : 
TOQOverj-. 

123. Observation by 31. Meijer. SinguUa». with tfeaimess of the left arm. 
— A very nervous man, aged forty years. Weakness of left arm, sixteen 
years ago, after severe exertion, associated with feeling of constriction in 
left side of thoras and frequent eructations. Pressure on spinous prooees 
of seventh cervical vertebno produces pain and violent singultus, occurring 
about tweuty times every half minute : tranB^■erse processes of third to 
fifth cervical vertebrte also tender on pressure. Anoilol treatment of tlieso 
points produced improvement forthwith, and almost complete recovery 
after nine sittings. 

134. Fertonal oftsenvition, Spaam of both recti oWomiHw and briwinu 
dorsi. — A woman, aged twenty-four years, very anaemic. Suffering for a 
year and a cguarter from ^ismodic twitchings in the abdomen, poinleas, 
but increasing in frequency and severity. l^Vequent intermissions lasting 
•cveral days. Examination shows isolated, short, light uing-liks cantract- 
iuiis in both recti abdominis, with synchronous but weaker contraction in 
both latissimi, and slightly also m the pectorales majores. The spasm pro- 
duced by pressure and a slight blow upon the abdomen. No indicationB 
of hysteria. Stabile passage of galvanic currents from the dorsal spine to 
the epigastrium produces a noteworthy improvement, 

125, Obaenxition by Morilt Meyer. JVrmor of the right arm. — A boy. 
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aged fourteen years. Suffering for two yt-urs from gradually increasing' 
tremor of the right arm. Stubilo galvanic current, ascending from tlie 
I'^tdial Derre to the plexua, labile golvanizutiou of the extensors in the fore- 
arm. Distinct improvement after three aittings ; recovery after niui>tGea 
aittings. 

126. Pertonal observation. Clonic gpasm of the lower limb as (he result 
nf an articular iieuroaw.— An officer, aged twenty-eight years. Nervous 
tomperameut. July, 18(J6, struck by a spent ball upon inner side of left 
tarsus; inflammation and swelling of the entire leg, followed by pain and 
tendemeas in left knee, in which a traumatic inflammation bad been prea- 
tnt fourteen years previouiily. Fain prevented patient from walking or 
standing upon left foot. Later, twitcbings in musclea of culf and thigh, 
more violent upon flexion of the knee ; sleep disturbed by twitchinga. 

August 30, 1866 : left leg stiff ; knee-joint slightly swollen, very tender 
on contact; flbrillary and clonic contractions in calf and thigh, mucb more 
vigorous upon touching the patella and upon every attempt at flexion, 
(lalvanic treatment : An stabile upon the knee-joint for two to tbiee njiii- 
iites, then descending stabile through the crural and sciatic nerves for 
three to four minutes, later through tbe lower part of spine. Discharged 
cured after eighteenth sitting. 

127. Obnervaiiiin hy H. Remak: Heviiplegic conlradure.^Ja a patient 
suffering for two years from hemiplegia and coatracture, a primary famdiu 
<:urrent was passed through the contractured flexor of the forearm ; im- 
mediately aft«rward the band could be opened passively and the flnger» 
oxionded. In the same patient reUcf of the contracture was obtained tn a 
remarkable manner by the apphcation of descending galvanic currents 
througli the nerves of the coDtJactured flexor muacles. Volimtai? power 
over the paralyzed muscles increased at tbe some time. 

128. Observation by 11. Hemak. liheumalic contracluren. — A woman, 
i^d forty-nine years. Suflering (or seventeen years from chronic articular 
rheumatism of the upper limbs ; contracture of the flexors from the 
Hhoulder to the hand. A galvanic current was passed for six miuutea 
through the muscles of the right shoulder and arm. l-'oilhwith the pa- 
tient raised the arm higher than she bod been able to do for tbe past 
iwveDteeu years. On the following day the patient rejwrts continued im- 
provement. Muscles of forearm and hand treated in same way with simi- 
lar result, and tliis was afterward obtained iu left arm. 

129. ObxervoLioii by Haerwiiihil. Contracture in comjiression-myelitis. — 
A hoy, aged six years. Huflering from paraplegia due to caries of tbe ver- 
tebne ; presented paralysis and antesttiesia of the legs, greatly iucreoaed 
reflexes, flexor contracture at tbe knee, extensor contracture iu tbe foot 
Strong galvanic current, stabile from the upper surface of the kyphoua to 
the coccyx produced immeiliate relaxation in the joiuls of the foot so 
long aa the circuit was closed and for a few moments thereafter. Kn«« 
and hip joints were not afiected thereby. * 

130. Obgeruation hy I^toir. Uyderical contracture. — A woman, sRetl 
twenty-two years. Suffers from anji-sthewa of left band and forearm, U-fl 
ovarian hvpencsthesia, and an hysterical contracture ol left hand, wbtrb 
bad lasted two months ; tbe latter was cored iu eleven days by permanwut 
apphcation of a feeble golnmic current of five to ten elements dally for 
six hours. 

131. Ob$ermtion by Moritz Mei/er. Sfjlex contracture of Ike qtiaiiralua 
Ittmborum. — A man, aged thirty-three years. Suffering since rebruai^'. 
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1879. from weakneBii of left knee anil aukle joint ; also swelling of left hip 
And doi-Bal musclea. Slow improve me ut, theu relnpse, curvature of spiua 
to left, so that au irou corset and cork sole in right slioe became neceasoiy. 
Scoliosis of lower dorsal and lumbar region appears due to very firm con- 
tracture of left quaJratua lumborum. Passt^e of galvanic current tbrougk 
the muscle had no noticeable efTect, but this occurred at once upon appli- 
cation of one pole to the quadratus, the other to the sacrolumbalia, with 
changes of polarity of a strong galvanic ciu-rent (forty to fifty elements). 
Improvement was striking, and the suoliosis hod disappeared almost en- 
tirely after fourteen sittings. 



In the selection of the electro-thera^'^"'''*^ method the removal of any 
palpable lesion of tbe nervous system, which may be present, must first \i& 
thought o^ I.e., the causal indication must be met. This is done by the 
electrical treatment of any demonstrable organic disease of the brain, 
spinal cord, or peripheral nerves, according to well-known methods. There 
can be no doubt that such procedures are often attended with good results, 
and it ia a pity that in so many cases a causal a&ction cannot be demou- 
strated with certainty. 

As a rule, the direct antisi>astic actions of the cuirent must bo resortoil 
to. but you will ofteu be embarrassed as to the position in which the elec- 
trodes should be applied — whether upon the muscles themselves, the pe- 
ripheral motor nerves, spinal roots of the nerves, spinal cdixI or brain, or, 
indeed, upon remote parts, points of pressure, sensory nerves, etc. "ft'e 
are nut often in a position to decide this question with any degree of prob- 
abibtj, and we must then moke systematic experiments until the proper 
lucahty has been found. 

The individual methods of ontispastic treatment coincide, in the main, 
with those of autiueurolgic treatment. The galvanic current, especially 
the stabile application, is mainly employed for the production of mollify- 
ing and catalytic effects upon the motor nervous apparatus. The anode ia- 
placed upon the nerve-ti'unk (or the spinal cord or brain, or whatever 
point you desire to infiuence) and allowed to act stabile for some time, 
beginning with a very feeble current, gradually increasing, and, aft^r re- 
maining at thia degi'ee of intensity for some time, gradually diminishing 
it. If the anodul appUcation Is ineflectuol, tiial may be mode of the 
cathode in the same manner, as this possesses, perhaps, other catalytic 
actions. Descending stabile currents through the motor nerves act in a 
similar manner, but the ascending current is said to be more efiicient at 
times ; furthermore, B. Bemak states that he has had similar favorable re- 
sults from frequent interruptions of a descending current passing through 
the nerves and muscles, especially in tonic reflex spasms. The fact ob- 
served by Ranke, that galvanic currents of a certain intensity, when passed 
through the spinal curd, inhibit the reflex spasms of str}*chnine poisoning, 
perha])s has its analogue in the favorable results obtained in man by Baer- 
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-winkel {vide Observation 129). The direction of the current ^^leais to be 
immaterial if its etreugtb is sufficient. 

Aiitispastic etTects may rIso be produced by the faradic cuirenta, 
either by passing feeble faradic currents (with moist electrodes) through 
the motor apparatus, perhape also through the head and spine ; or by 
strong faradic currents through the peripheral nerves and muscles. Start- 
ing from the physiological tact that the dilutability of the muscles inci-easea 
frhile they are being strongly farodized, Keinak first employed such cur- 
rents, with success, for the relief of paralytic contractures. The apphca- 
tion of gradually increasing and diminishing faradic currents is probably 
the best method of producing such effects. 

It has not been ascertained wliethcr these procedures act by overstim- 
ulation and consequent exhaustion of the motor apparatus, by a cluuige 
in the nutritive processes, or by diminution of excitability. 

A second method of treating convulsions is the removal of peripheral 
irritants in so-called refiex spasms. Recourse is had to the methods 
customary in neuralgia and other conditions of sensory irritation, t.t., 
mainly to the appUcation of stabile galvanic currents, etc., upon the 
sensory nerves. To this categorj' also belongs the electrical treatment 
of pressure-points or of sympathetic tracts and ganglia. A stabile anodal 
application should first be made to these points ; its action is sometimes ei- 
hauated aft«r a certain length of time, and other points must then be sought 

Finally, the lost method, which sometimes proves successful, is the 
production of inhibitory action by means of very severe peripheral irrita- 
tion ; this may be done either by removing sensory reflex irritants (as m 
neuralgia), or by the direct inhibitory effect of a vigorous stimulus upon 
motor irritation. For this purpose the faradic brush or the moxa is 
appUed to various parts of the skin in the immediate neighborhood of, 
or remote from, the affected motor nerves, upon the spinal column, or in 
the epigastrium ; in some cases it is useful to stimulate points of pressure 
either with the foradic brush or the stabile Ca, when irritation of these 
points stops the spasm. 

I will mention in conclusion that, in old rheumatic and other con- 
tractures, fiuTwlic excitation of the antagonists of the contractured muscles 
is sometimes resorted to in order to improve the contracting, deformi^, 
and mobihty of the parts. It goes witho\it saying that this is merelv a 
form of electrical orthopicdics and gymnastics. 

In paral^iic contractures the treatment of the paralyzed antagontsts 
not infrequently benefits the contracture, since it is evident that the res- 
toration of voluntary power over the paralyzed muscles is the best means 
of antagonizing the contracture which has i-esulted in consequence of 
«uch paralysis. 

It is thus erident that a large number of methods of electrical treat- 
ment against s)iasm are at our command, and it ia often difficult to make 
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Hioice. As a matter of course jou viUl seleot tlie method according to 
well-known rules and the peculiarity of the iudividual case, but you niiist be 
prepared for failure and the necessity of trjing a number of other methods. 
As a general plan of treatment I would recommend that a careful search b& 
made for causal affections, and for the true localization of the disease, and 
that these be made the first [Kjint of attack ; furthermore, great care should 
be exercised in the determiuattou of reflex irritants and points of pressure, 
since cases in which these are found present more favorable chances for 
treatment. In tlie direct treatment I would recommend beginning with, 
the mildest measureR, such as stabile auodal application, and then passing 
to descending stabile curreDte, simple or iucreaning biradic currents, then 
to the faradic brush, and finally to changes of polarity. A method which 
failed at fiist may prove beneficial at a later period. 

The intensity and duration of the applications depend upon individual 
circumstances ; it is always adrisablo to begin with weak currents and 
short sittings, and gradually pass to more vigorous applications, per- 
linps repeated several times a day. The duration of the entire treatment 
must sometimes be veiy protracted. According to Remak the treatment 
should be stopped and the complete recovery left to nature after the 
spasm has lieeu relieved with the exception of slight traces. You should 
always bo prepared for relapses, which occur very readily and frequently, 
often after very long iutermissions. 

Tlio results of electro-thenii>eutic3 in convulsions are extremely un- 
certain ; they are sometimes surprising and briUiant, at other times the 
obstinacy of Uie afifection drives physician and paUent to desperation. 
Hanlly any general statements may be made with regard to the prognosis ;. 
rheumatic muscular contractures, and the Rpasma produce<l by cold, 
neuritis, traumatisiu, and the like are relatively favorable ; especially 
favorable nre reflex spasms and those forms which are associated with 
diatinct points of pressure; very obstinate are those due to a severe 
neuropathic diathesis, frequently relapsing spasms, and those occurring in 
organic diseases of the spinal cojxl and brain, while fimctional central 
spasmodic diseases present a better prognosis. 

Li the discuBsiou of the iudividual forms of spnsni I niiiy confine 
myself to a few practical details. 

Spasm of the muscles of mastication (in the tonic form as trismus, in 
the clonic form as gnashing or chattering of the teeth) very rarely occurs 
ns an isolated affection ; more frequently it is a part-symptom of general 
forma of spasm. The isolated fonus occur sometimes from a direct aflectioa 
of ^e motor root of the trigeminus, more fnttiuently iu a reflex uiaouar I 
(irritative conditions in the distribution of the trigeminus, afTectioas of 
the teeth, disease of the temporo-maiillary joint, {peripheral injuries, 
worms, etc.). Tlie electrical treatment varies accordingly ; it presents a» 
peoulionties and may be applied in difiierent ways. 
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The moat frequent of alt forms of epasm is mimetic facial Hpasm. or 
convulaiye tic in all its various forms, such as partial or diffuse, tonic or 
clonic epaam, occaBioDallj also in tbe form of slight contracture (afitt 
facial pamlysis). It may arise from various causes ; those fonm m 
iisuallj the worst in which no cause can he ascertained and in which the 
tie persists for years. Peripheral and central diseases bare been recog 
nized occasionally as causes ; recently tbe view has been entertained that 
a portion of the " idiopathic " clonic facial spasms are due to an auction 
of the cerebral cortex in the region of the so-called facial centre. 

Tbe electrical treatment requires judgment and patience ; all the 
various methods may be employed and must be resorted to aometiineB 
in succession, ^■iz., stabile application of the An with inCTeaaing and de- 
creasing strengths of current upon the plexus anserinus or upon ihe 
trunk of the facial nerve behind tbe ear ; transverse conduction of (be 
current through the mastoid processes (An upon the affected «de} ; 
stabile application of the An upon the opposite jjarietal region over tlw 
facial cenU-e (lower half of the central convolutions, iHdf Fig. 29, page 
122) ; the " lai-ge head electrode " placed upon the well-moistened scidp 
will serve as the An (Ca upon the spine or the opposite hand), the cur- 
rent being applied stabile, of moderate strengtli, for five to ten minntea 
You may also employ descending stabile currents in the individual nerve 
branches, or fi-equeutly repeated cathoilol closures or chanpes of polarity. 
If points of pressure are found (upon the spme, in tbe face, the buccal 
cavity, behind the ear. etc. ) they must be made the subject of &nodal treat- 
ment ; in severe cases do not omit applications to the individual ganglia 
of the cervical sympathetic, especially if they are tender on pressure. 

Increasing foradic currents may tdso be apphed to tbe nerv«8, not 
infrequently with good effect ; likewise faradic currents transreraely and 
longitudinally tlirough the head or the cortical centres : finally, trial may 
be made of the faradic brush applied to the integument of tbe neck, the 
jiosterior auricular region, or to any painful points which may be present 

Partial facial spasm, especially the so frequent blepharospasm, is 
treated in an entirely analogous manner ; anodol application to the closed 
lids and the region of the supra-orbital nerve, and then, above all, the 
treatment of points of pressure which play such an important part in these 
forma ; hkewise, galvonic treatment of the s\'mpathetic and its indiTidoal 
gangha. 

Spasms of the tongue and of the ocular muscles are very rare and may 
be treated according to general principles. 

On the other hand, spasms in the distribution of the spinal accessory 
nerve and in the other muscles of the neck are not at all in&equent and 
are very annoying to the patient. They present tbe greatest analogy with 
true convulsive tic, and may be treated in the same manner. This 
categoiy includes spatims In the st«mocleidoma8toid, trapezius. 
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i-otatores capitis, levator ongiili scapulae, and tbe other deep musdeB of 
the neck aod tbroat, and tlieir symptomatology acd diagnosis may b» 
studied in the treatises on neuropathology. The onodal treatment of tha 
neck, spinal occessorj' nerve, and cenical Bjmpathetic, recently recom- 
mended by E. Hemak, should be tried first ; in addition I apply the 
anode usually to the cerebral cortex on the opposite side, and an applica- 
tion may also be made to tbe medulla oblongata {transrersely through 
the mastoid processes). If points of pressure are present, these should < 
first be treated. 

Tonic spasms also occur very often in these muscles ; they ore ob- 
s?rved not infrequently in their recent form as rheumatic torticollis, and 
then ofler a rery favorable object for electrical treatment [vitle Observationa 
120 and 121). A fevf sittings (An stabile or clionges of jwlnrity, or 
vigorous faradization) are usually sufficient to reheve the affection. But 
this is effected with much more difiicnlty in the congenital forms, or those 
which have pa6se<l into jwrmanent contracture. In such cases erery 
method is often tried without avaU, and, at the most, some gootl result is 
obtained from the reguloi- (gymnoBtic-ortbopsedic) faradization of the 
anttigouiste. 

This holds true of spasms and contractures in tbe otlier muscles of 
the trunk (the back and abdomen) ivhich may occur in the most remark- 
able forms and combinations, and usually present the greatest difBculty 
even to clinical examination and interpretation. Electro-therapeutics 
]>osaesses few triumphs among these forms of spasm ; their treatment is 
carriifd out according to general principles, and consists, in the main, of a 
more or less premeditated experimentation n-itb the most various methods 
in all possible parts of the peripheral and central nervous system from 
which the spasm may proceed. 

Mention should be made also of spasms of the respiratoir muscles, in- 
spiratory and e:ipiratory spasms, singultus, etc., since they fall occasion- 
ally into the doi^ain of el ectio- therapeutics. These spasms, which are by 
far the most frequent in hysterical persons, afiect eitlier the diaphragm 
ftlonu or the entire reajijratory mechanism, or inspiration or expiration 
sepamteljv, or various expiratory acts, such as coughing, sueezing. cry- 
ing, laughing, etc. In tonic spasm of the diaphragm, an extremely rare 
aftectiou, success has been obtained sometimes by the vigorous applica- 
tion of tbe [uradic brui^h to the epigastrium in the region of the dia- 
phragm ; also from faradization or golninization of the phrenic nerves in 
the neck. The same metliod is also ailopted in clonic spasm of the dia- 
phragm (hiccough), which is ven,' obstinate and annoying occasionally and 
demands active treatment I have seen brilliant results in such cases from 
the application of the faradic brush to the epigastrium, and others report 
similar efiects from faradization or galvanization of the jihrenics : in some 
e H M aa , auodal treatment of the neok or transverBe conduction tkruugh the 
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mastoid processes may prove serviceable ; likewise a vigorous siimTilatioD 
of the distribution of the superior laryngeal nerve. Electrical treatment 
is generally useless in the complicated forms of respiratory spasm (inspiri- 
tory and expiratory spasm, sneezing, yawning, laughing, crying spasm% 
etc.). Some good result may be obtained, perhaps, if the causal indica- 
tion (hysteria, peripheral irritation, ovarian hypersesthesia, etc.) requii^ 
electro-therapeutic measures. The same methods may be employed 
directly in these spasms as in spasm of the diaphragm. 

Spasms in the muscles of the upper limbs are very common ; as a rule, 
indeed, they usually form part of more widespread forms of spasm and 
other neuroses (chorea, tetany, hysteria, paralysis agitans, epilepsy, eta), 
or they constitute a symptom and sequela of severe local central diseases 
(as in hemiplegic contracture, post-hemiplegic chorea and athetosis, par- 
tial cortical epilepsy, contracture in spinal affections, etc. ), and often re- 
quire no other treatment than that of the primary disease. Sometimes, 
however, the spasms develop locally in the upper limb, from neuritis of 
individual nerves, joint affections, neuralgias, etc. 

As a matter of course, it is necessary that the primary affection be 
treated first, and the often-mentioned antispastic methods may then be 
applied to the nerves and muscles of the arm, to the neck and throat, 
to painful points in the brachial plexus or the spinal column, etc ; anodal 
application to the neck and brachial plexus is the main feature of the 
traatmeut. The various methods to which I have previously referred 
(descending stabile galvanic cuiTents, or frequently interrupted galvanic 
currents or changes of polarity, or vigorous faradization with coincident 
extension of the muscles, etc.) are employed in idiopathic or secondaiy 
contractures. Applications to the cortical centres should be tried in par- 
tiid clonic spasms due to cortical lesions. 

The same statements will hold true, mutatis mutandis, with regard to 
spasms in the lower limbs as with regard to those in the upper. In the 
hirge proportion of cases they form part of general diffuse varieties of 
spasm or they are symptomatic of central diseases, especially of diseases 
of the spinal cord, Piu-ely peripheral spasms, reflex spasms from diseases 
of the joints, neuralgias, foreign bodies, etc., also occur occasionally ; very 
frequently, paralytic and hysterical contractures and the so-called cramps, 
particularly in the muscles of the calves. 

The selection of the metliod of treatment is based on general prin- 
cil)les ; fui'ther details are unnecessary. 
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LECTURE XXVm. 

ChAraot«T and PsUk^dmU of Atucatbeda— Electrical ExaminiitinD — Objeots of Eleo- 
tio-iberapeuUcs ; Cuss — Hethodi ol Electrical Trektment: CfttuaJ Tieatment i 
Direct Ttefttmeiit of Anantheida ; Hntbodg with the FsraJic uid Qalvuiia Cur> 
lentfl; Belief of SeooniUr]' Trophto Diatmrbiuices ; It«inilts — IndivldnaJ Fnnoa; 
Ameatheaia of the Trigeminus, the Pharynx, and Larynx; VsMmotOr Aumatho- 
aia ; Bjsterioal AiueBthesia ; Ataxlo AnnstbeHia. 

In the same manner that epnsms arn.'l their treatment present certain 
analogies to neuralgia, so ano'sthesia possesses intimate relations with 
paralysis. It is due to similar, very often to identical lesions and its 
electrical treatment is carried out according to the same princijilca But 
the anatomical and plij'siological conditions of tlio centripetal patlis o{ 
conduction bring it about tliat we Iiave to deal with relatively simpler 
therapeuUc objects than in paralysis, so that the methods of treatment ore 
correspondingly simpler and more uniform. 

Arni'sthesia refers to a diminution or abolition of the sensations con- 
veyed to consciousness through the sensory nerves and the nerves of 
special sense. I now refer in the main to cutaneous and muscular anceft- 
thesia (special sense and visceral nmeathesia will be discussed at a Inter 
period). This disturbance of function may be due to a diminution of the 
irritabihty of the peripheral or central sensory terminal apparatus or to 
an inhibition and interruption of the processes of conduction in the sea- 
soiy nerve tracts (conduction an^rsthesin). The latter constitute by far 
the most frequent and important forms of aueoBthcsia, and are the almost 
exclusive objects of electrical treatment. 

The occurrence of aniesthesia from nn exclusive affection of the pe- 
ripheral sensory terminal apparatus {in the integument, tendons, muscles, 
joints, etc.) has not been established sufficiently, since imphcation of the 
adjacent finest sensory paths of conduction* cannot be excluded, as in the 
usually slight nniesthosias due to cold (ether spray), heat, caustics (lye, 
carbolic acid, etc.). ischiemin (vasomotor neurosis), etc 

Nor is the occurrence of anifsthcsia from an exclusive affecUon of the 
central receptive apparatus eatabltsheJ with certainty. It is surmised. 
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indeed, that this apparatus ia situated in certain parts of the cerebral cor- 
tes, and we can conceive of an isolated affection of such parts, but it will 
be difficult to decide in how far the seneory conducting paths immedintelj 
adjacent to these corticcd centres are implicated in the diseases belonging 
to this category (cortical encephalitis, softening, hemorrhage, meoingitis, 
poisoning, etc,). But this point possesses no apecial significance with re- 
gard to electro-theraponticB, so long as it can be determined tliat the aflfec- 
tion ia situated in the brain or cerebral cortei- 

At nil events, antcstheaias from inhlbttion of sensorj conduction at anj 
part of its course are much more frequent, and their pathogenesis modi 
clearer. As in paralysis, this inhibition of conduction may be prodiieej 
by various lesions, either in the peripheral paths of conduction, or witliin 
the spinal tracts, or finally by an affection of the paths of cerebral con- 
duction (hemorrhage, softening, tumors, sclerosis, etc). It is posahle 
and indeed very probable that ana'stbesia may be produced by BO-called 
impalpable lesions of these various parts (for example, in hyst«ria, poieon- 
ing, syphilis, etc.). 

The symptomatology of antesthesias need be referred to merely to cull 
your attention to the fact that data with regoi-d to the site of the lesion 
may bo obtained from the distribution of the sensory disorder (coutiued 
to the territory of one or another nerve, in a paraplegic or hem i -paraplegic, 
or finally in a hemiplegio form), and that similar conclusions may be draini 
from the more or less complete loss of sensation, from the character ami 
distribution of the panestheaite, and not less from the presence or absence 
of motor, vaao motor, trophic and special sense disturbances, neuralgia, ete. 

Electrical examination can effect very httle toward making a diagtto. 
aia. I have mentioned previously that quantitative or qualitative chaoees 
in the electrical excitability of the nerve-trunks are unknown in anecs- 
thesias. You will remember, on the other hand, that the electrical cur- 
rent may be employed in recogniziug and defining the functional disorder 
of the sensory apparatus (Lecture X., page 93). 

Vigorous cuta^eo^ls irritants have always been employed ns the chief 
means of treatment of an affection of the sensory nerves, which rendera 
the integument and other tissues more or less insensible to stimuU. Elec- 
trical currents constitute the sovereign remedy against all forms of anaes- 
thesia, because they furnish the best and most convenient metliod of pro- 
ducing cutaneous irritation of any strength required, without caufdug any 
permanent change in the integumeni 

The objects of electro- therapeutics in anteathesia can be defined in a 
few words, viz. ; the removal g f any affection which inhibits conduction, 
exaltation of the excitability of the receptive organs, the removal of obsta- 
cles to sensory conduction itself, and finally the remoTal of secoudaiy 
nutritive disturbances which may be present and interfere with the con- 
ductibihty of the sensory apparatus. 
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I may state in brief Uiat theee objects can be effected by the catnlylic, 
Taso-motor, modifying, and particularly the irritant actions of electrical 
cmrenta 



132. Personal otiHeri.'aUoTi. Aiueelhema in the digtr^ulion of (he h^fl tri' 
gcminiu nerix. — A womnn, aged forty-eiglit years. Affected in August, 
1870, with formication of left side of face ; no [tain, frequent vertigo ; re- 
cently formication in palate and tongue, diminution of taate itj>on left Lidf 
of tongue ; patient otherwise healthy, 

' December 13, 1870. — DimiDisbed sensibility upon entire left half of 
t&ce, toogue, and palate ; left eye reddened, superficial uli^r of cornea. 
Taste lUminiahed upon left anterior half of tongue. No disturbance of 
muscles of mastication. Distribution of facial nerre normal ; hearing 
■luniial. Galvanic treatment : 6 to 8 elements stabile, transversely Ihroiigu 
the teiuplea and mastoid processes ; 8 elements Ca labile over entire side 
of face. After eighth sitting continued improvement, aensibility better, 
numb sensation in mouth lessened. After fifteenth sitting taste also im- 
proved. Patient then stopped treatment 

133. Fenonal observation. Traumalic paralyais and aruvglhesia oftlie lefl 
ulnar atid median nerect. — A man. aged twenty-one years. Had luxatiuD 
ot elbow in February. 1872, which was not reduce<l until sixteen days 
afterward. Middle of November, 1872. patient presents complete porul- 
ysis of ulnar and median distribution to the hand, with marked atrophy 
and complete De R. Sensibility of hand extinguished in distribution uf 
these nerves. At the elbow, eccentric sensations can be produced in the 
baud by the application of faradio current to median and ulnar uen-es ; 
two inches above the wrist, eccentric sensations can no longer be pro- 
duced iutthis manner. Treatment: Ca labile ond changes of [wlarity in 
tnedton and ulnar nerves and their distribution. 

December loth. — Sensibility preseut everywhere, though to a less 
extent than normal. 

January 28, 1873. — Sensibility almost entirely restored ; motion un- 
changed. 

134. ObKtrvaiian by Moritz Mfjer. AnaiUh^eia of the idnarnerw. — \ 
man, aged tliirty-eight years. Contracted screro "sleep" paralysis of 
ulnar and middle cutaneous nerves six weeks ago. Complete onn^tbesia 
of ulnar side of forearm and ulnar distribution of the liand ; paralysis and 
atrophy of muscles supplied by uluar. Fnrodio application;) to skin and 
muscles. Etetum of sensibility in five sittings; complete recovery in 
ttvelve sittings. 

135. ObiKToition hij ViUpiun. Lenion of ri;/ht cerebral hemi^hcrc ; k/l 
ki-mianinilhegia, rfc — A man, aged forty-five years. Had on ai>oplectic attack 
two weeks ago ; followed by iiaresis of loft side, loss of vision in left eye. 
Tlie entire left half of the Wly is completely amcsthetio ; taste loet on left 
side, sight very nuich diminished on this side ; hearing normaL .\niPB- 
thesia of left lialf of palate ; loss of muscular sensibility on left side. 
Treatment : application of faradic brush to a circumscribed portion of 
integument on dorsal aspect of left forearm. Beliim of sensibility of 
hand and anterior surface of thigh after three days. Slow progress of im- 
provement In four weeks the extensor aspect of forearm has Iweonift 
sensitive, as also its inner surface and that of arm ; eccentric seniuitinn 
returned upon stiiuulation of ulnar nerve in arm ; recovery almost cotnpk-tc 



136. Ohservaiion by Gnssel. Hight cerebral hemianeegthesia. — A male 
patient. Presented complete history of right cerebral hemiaDKatfaeiis, 
with bemipareaia and diminution of taste and Tiaion on right aida Tre- 
mor on volitional effort in left upper limb. Treatment : strong fai'&die 
brush to external eui'&^e of right forearm ; no sensation at first, but gisd- 
ually incteaaing pricking feeling ; from this time on, entire ri^ht aide 
again sensitive, vision of right eye almost normal. Diminution of sensi- 
l>i!ity fifteen minutes lat«r, but distinct improvement still present on fol- 
lowing day. Similar results from faradization of right and also of left thigli. 

137. Observation by Leloir, Bight hyHterical hemiawEstheaia. — A girl, 
aged tliirteen and a half years. Had severe hystero-epilepsy at beginnmg 
of menstruation. Six months later, complete onssthesia and anal^ua of 
right half of body ; left ovarian hyperffisthesia ; smell and taste markedly, 
audition moderately, diminished on right side ; vision normal. A single 
Application (four minutes} of faradic brush to right forearm produced com- 
plete recovery of amEatbesia. KSect permanent. 

In the selection of the method of electrical treatment of anjeethesia our 
mniu object is the removal of the lesion producing the loss of sensation. 
i.e., of any neuritis, compression, hemorrhage, myelitis, tabes, cerebral 
affection, etc., which may be present, not leas of impalpable nutritive difi- 
tnrbancca, if their estict situation can be determined, or of the general 
neuroses in which an.TstheBia is occasionally manifested. 

This part of the electrical treatment is the main factor in many CBsee, 
and, in itself, is often sufficient to relieve the ona-stbesia. 

But the causal indication cannot always be met, partly because we arc 
ignorant of the situation and character of the lesion, partly because it may 
be inaccessible to electrical treatment In not a few cases this alone 
proves insufficient ; for example, regeneration may he bo far advanced 
that conduction is indeed possible, but has not really occurred, and a 
vigorous impulse is needed in order to have it taie place. Direct treat- 
ment then becomes necessai-y to relieve the antesthesia or at least to pro- 
duce its rapid removal. 

The direct treatment purposes an increase or restoration of the excit- 
ability of the peripheral (occasionally also the central) terminal apparatus, 
or a restoration of the couductlbility of the centripetal paths of conduc- 
tion. The former possesses less importance, and usually coincideB with 
the fulfilment of the causal indication ; the latter — the restoration of con- 
duction^ia the main feature to be Bought in the majority of coses. 

Tlie methods of securing both objects are almost identical ; they con- 
sist, ill the main, of a sufficiently vigorous, often repeated stimulatiou of 
the sensory terminal a]:)paratus and paths of conduction, iu order to re- 
move obstructions to sensory ti'ansmisaion by a vigorous process of ei- 
citation and thus force the restoration of conduction, and, finally, to miike 
the path open for feebler stimulants, for the natural processes of excita- 
tion, by the Ircquent employment of these patha for ai'tificial processes of 
excitation. 
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In aniiestlieBia tho iiritntion must be applied on tlie peripberal aiilo of 
the lesion, and the i^eripheral terminal (ippajatua and paths of sensory 
conduction are aln-nys at our command for this purpose. Tiie method for 
the direct treatment of anesthesia, therefore, follows very tiimplj, \iz.. 
peripheral irritation of tlie skin, of the sensory nerve-trunks, and, if ueces- 
sary, of more deeply situated parts, if possible, with such a great etrcnglh 
of the current thut a sensation, however feeble it may bo, ia produced. 
If this ia not effected at once, it may be at a later period, inasmuch as ihe 
repeated impaction of the waves of excitation uguiiist the obatructiuu may 
gradually remove the latter, and render the path free for strong stimuli, 
and gradually for weaker ones. 

In employing the galvanic current, the Ca should be applied stabile 
and labile to the integument and uorve-trunks ; alao cathodal closures 
and chnngos of polarity to secure more vigorous excitation. A very intouso 
irritation ia pi-oduced by the metallic brush armed with the Co, but very 
strong currents are required, and care should be taken that the bniah be 
not kept too long in one place, since blisters are produced very rapidly in 
this manner. 

For this purpose, however, tho faradic cun-ent ia usually employed with 
tho brush or moia and vigorous, rapidly interrupted secondary curreuta. 
The chief method, then, is the application of the farad o-cutoncous brush, 
the skin having been dried by the addition of a powder. Furthermore, 
Uie uerve-truuks themselves may bo stimulated with moiat electrodes, or 
applications made to the joints, muscles, mucous membranes, and deeper 
parts. At the onset, the current should be so strong that a slight sensa- 
tion is produced ; Uiis usually increases with rapidity, so that, as improve- 
ment progresses, weaker currents will be sufficient 

Id this treatment of aua.-sthesia, however, the suqiriaiug tact has been 
discovered that not alone the directly irritated ports of ttie skin and the 
nerve-trunks may recover their sensibility, but that adjacent or even re- 
mote portions of tho integument ore relieved temporarily or prrmancntir, 
and that aniesthesia of tho mucous membranes nnd joints, even of the 
special senses, ia relieved by simple local bradization of a circumscribed 
portion of the integument. This is especially true of cerebral aniesttiesias 
(produced either by organic lesions or by impalpable changes) and not 
less of other forms, maiuly hysterical heinianipetliesias, in which tho a^)- 
]}UcBtion of the brush to a small part of tho skin will often restore Iho 
sensiliility in toto. Special attention has been called recently to this fact 
by Vulpian. He found that the doUy application of the faradic bntsh 
with very strong currents for eight to ten minutes to a small part of the 
skin of the upper limb (external surface of the forearm) hod this favorable 
eOCect, and was often more successful than foradizatioD of the entire ana-»- 
tbetic region. Grasset has shown that this effect may bo produced by np- 

ationfl to other ports of the anieethetio skin, and evea to the healthy 
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Bide of the body. These facts are probably related to the xnetalloBOopie 
phenomena of hysterical hemianesthesia, but their eiplanation is invQlved 
in obscurity. 

In some cases, finally, we may be called upon to relieye the secondaiy 
trophic disturbances in the sensory nerves, either finer nutritiTe disorders^ 
such as are caused by inaction, or degeneratiye atrophy from separatioD 
from the trophic centres. The trophic centres of the x>eripheral sensoiy 
titicts are situated in the spinal ganglia ; this indication is mainly pre- 
sented, therefore, in peripheral ansesthesia, and may be met in the same 
manner as in paralysis {vide page 192). Secondary degenerations also oo- 
cur in spinal ansesthesia ; the trophic centres for a part of the conducting 
paths in question also appear to be situated in the spinal ganglia. It is 
questionable whether electrical treatment is advisable in spinal aniesthesia. 

The results of the treatment of anaesthesia vary extremely, and are in- 
fluenced considerably by the nature of the primary disease. An entire 
series of cases, accordingly, is incurable. Great differences are also mani- 
fested among the curable cases ; in some recovery occurs within a few 
minutes or after a small number of sittings, or improvement occurs forth- 
with, but is only temporary, and recovery occurs very gradually. This is 
especially true of the various hysterical ansesthesise, of rheumatic, mild 
compression ansesthesise, etc. In other cases improvement occurs veiy 
slowly, as in traumatic paralyses, neuritis, tabes, and other affections of 
the spinal cord. 



Concerning the individual forms of ansesthesia I have very little to 
add. 

Anaesthesia of the trigeminus is one of the most important varieties, 
and requires careful treatment: the galvanic current to the trunk and 
branches of the trigeminus, Ca labile or the faradic brush to the integu- 
ment of the face and the mucous membrane of the mouth and tongue. 
The electrical current also appears to possess a favorable effect upon the 
associated hypercemia of the conjunctiva. 

Aujcsthesia of the pharynx and the entrance to the larynx occurs very 
often after diphtheria, and requires especial attention on account of the 
great danger of " food pneumonia : " * iutrapharyngeal and ];>ercutaneous 
a2>2)lication of faradic or galvanic currents is indicated, especially upon 
the region of the superior laryngeal nerve. Jurasz recommends the alter- 
nate use of both currents. 

In vasomotor anaesthesia it is necessary' to treat the vasomotor nerves 
by methods which will dilate the vessels (vide the next Lecture), and also 

* Pueumonia due to the entrouce of particles of food into the lungs. 
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to make yery irriiaiing applications to the ansesthetic integument (An sta- 
bile, Ca labUe, faradic bnu^) ; this form usually yields rapidly to treat- 
ment 

In hysterical anaesthesia and hemianarathesia, in addition to treatment 
of the central organs, cutaneous faradization should not be neglected ; 
OTarian hypenestiiesia or tender spinal points, which may be present, 
should also be treated. Yulpian's method may be tried. 

In ataxic anaesthesia and analgesia^ treatment of the spinal cord itself 
is mainly indicated and often proves successful Very favorable results 
have also been obtained by the peripheral application of the faradic brush. 



^^1 forms 
^^H ditioi] 



VIII. DISEASES OF THE CERVICAL SYMPA- 
THETIC— VASOMOTOR, TROPHIC, AND AL- 
LIED NEUROSES. 

LECTOKE XXIX. 

DiBeoBBH of tbD Gerrical Sympathetio ; Oocuirence and Sjmptoras; Icritation sm) 
pBroIyuB ; Hothods ot ElecUioal Treatment — Vtueomotor Nenrosea — Cntjuieoiu 
Asgiouemoses— Sjmptoms of SpMm nod ParalTsiB of tlie Vasomotor NouroMi ; 
HeUiods of Eleotrioal Treatment — Intarmittent Dropsy of the Jointo — Vnaoniotar 
Trophic iKenroBes of ttio Integument — AnomalieH ot the Secretion of Pen[rfi»- 
tion — ProgieuiTo Fikoiol Homiatropb; ; I'roboblo 5it« ; Melliodi of Biectrical 
TreAttnent — Scleroderma ; Method of Treatment. 

Is giving B abort description of tho olectro-therapeutica of diseasca of 
the cerricol sympathetic, I Bliall refer olono to those diseases of Uiia tract 
OT its immediate origin in the cervical apiual cord, whose existence has 
been firmly established to a certain extent. I tim by no nienuB of the 
opiuion that mi^mne, Basedow's disease, progressive facial hemiatrophy, 
or even progressive muscular atrophy, may be included with any degree of 
probability iii this category. 

The cervical sympathetic reacts to morbific influences like every other 
peripheral nerve, and its diseases are included, therefore, under the Bamo 
therapeutic standpointa as the lesions of other nerves. Such affectious are 
of rare occurrence, and isolated lesions of the sympathetic, indeed, consti* 
tut« pathological curiosities. But they preseat such a peculiar and char- 
acteristic symptomatology, and they possess so great a significance on 
account of tho numerous relations of tho sympathetic to all possible 
parts of tho central nervous system, the organs of special sense aud cer- 
tain vegetative organs, that their separate consideration appears justifia- 
ble, however skeptical we may be with regard to the mysterious relations 
of tho cervical sympathetic to other neuroses. 

IMseases of the sympathetic may be produced by inflnmmation, rbeoni- 
fttio influences, trauma, compression, etc., by diseases of the corvical 
cord and medulla oblongata, and occasionally also by impalpable lesiona 
(hysteria, neurasthenia). These affections appear, in general, under two 
forms, either as irritation or paralysis of the sympathetic ; but both con- 
ditions may coexist, irritation being predominant in one portioii of tho 
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fibres and paralysis in another, or they may follow one anoUier. Tlie re- 
sultant 83'mptomatology is sufficiently characteristic, but usually requires 
very careful examiuatioQ, since the oculo pupillary as well as the vasomotor 
symptoms are often not well marked. 

The srmptoms of irritation of the sympathetic consist of pallor and 
coolness of the corresponding side of the face and head, hardness and tens- 
ion of the temporal arteries, dilatation of the pupils (with diminished re- 
action to light or power of accommodation), moderate protrusion of the 
eyebaU and slight dilatation of the palpebral fissm-e, diminution of perspi- 
ration, eta 

The symptoms of paralysis of the sympathetic consist of increased 
temperature and redness of the side of the fiwe, head, and neck, n feeling: 
of beat and porteathesia, dilatation and increased pulsation of the arte- 
ries, congestion of the conjunctiva, headache, vertigo ; furthermore, con- 
traction of the pupil with retained reaction to light and power of accom- 
modation, narrowing of the palpebral fissure, slight rctra«tiun of the 
globe, increased secretion of tears and perspiration, etc. 

Klcctricid examinatiou will not aid the diagnosis, since irritation of 
the sympathetic can not be effected with cerfjunty, but the application of 
the electrical current in such oases occasionally will influence the morbid 
disturbance forthwith and thus aflbrd old in the choice of the tlietapentio 
procedures. 

138. Obseruation by Olio. ParaJygis of the cervical xi/mpalhdic. — Mrs. 

E , never very sick, was suddenly affected in the spring of 1870 with 

vomiting, headache and vertigo ; diminution of vision. Diaappearauce of 
symptoms in two weeks, but marked redness was then notice^^l in left half 
of face and neck ; later, difficulty of speech, Jmpainuent of memory ; oe- 
caaioual feehng of burning hont in hood, with vertigo and increased red- 
ness of the parts mentioned ; attacks increased on excitement Absolute 
insomnia, depression and constant excitement ; profuse persi^iration fre- 
quently appears ou reddened parts. Condition remained almost un- 
«ianged at end of one and one half years ; cervical erympathetic not ten- 
der ou pressure. 

Galvanization of sympathetic with Cn ; after application of three min> 
utes, patient almost free from vertigo, and slept uninterruptedly the fol- 
lowing night. After ten sittings, patient almost free from vertigo; tlie 
erythema, which hod grown pale during the passage of the current in the 
first few sittings, disappeared almost entirely ; sight and speech bctl«r, 
disposition more cheerfuL Cured permanently after eighteen doily sittings. 

The electrical treatment is similar, on the whole, to that of lesions of 
the peripheral nerves ; if the lesiLin is situated in the cervical HynipathcUa 
itself, it should be treated according to general principles ; if it may l>o 
assumed that the affection is located in the cervical cord, this should be 
treated in the well-known manner. 

Wfaaa Bach treatment is impossible, the method of appUcatioii depends 
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Upon tie cbaracUr o( the mam Bymptoms, t-Bpecidly of the vasomotor 
disturbances, as I shall explain in detail at a lutei- period. I will merely 
mention at this time that the symptoms of irritation of the sympathotic 
ehoulJ be treated excluaivelj by the galvanic current, preferably by U10 
stabile apx)licatioii of the anode. A " medium " or an elongated electrode 
is applied to the sympathetic or its chief ganglia (Ga upon the spine or ia 
an indifferent position) and quite a strong current passed stabile (or a 
few minutes, until on effect upon the vessels or the pupO is noticed. 

In distinct paralj-sis of Ute sympathetic a mild and short application 
of the Ca is indicated with a feeble current, frequent interruptions, and 
repeated cathodal closures, perhaps also some changes of polarity. Yeiy 
short sittings (one to two minutes) should be hod, since otherwise the 
opposite effect may be produced. Moderate foiadization of the nerves 
may also be tried. 

It will be useful, as a general thing, to combine this with similar treat- 
ment of the centres in the cervical cord, in the one case the stabile appli- 
cation of the An, in the other a moderate stabile, perhaps' also labile 
application of the Ca. 

In some cases peripheral treatment may also be added ns an auxiliary, 
the integument of the face and its vessels being treated with the An or 
Ca stabile or labile, or with the faradic brush, the latter being employed 
to produce reflex relaxation and redness of the akin in Epium ot Urn 
vessels. 



Tosomotor disorders occur with extreme frequency. Tou ore nwarfl 
tliat peripheral nervous affections (neuralgias, oua^thesias, paralysea), as 
well as spinal cerebral diseases, ore often accompanied by such diaturb- 
onces, but then, as a rule, they require no special treatment. But aaeb 
disturbances occur occasionally in a more independent manner — affections 
in which irritative or paralytic conditions of the vasomotor nerves and 
corresponding changes in the calibre of the vessels and in the circulation 
constitute the primary and essential feature, which may in turn give rise 
to a number of effects upon sensation, motion, action of the heart, cerebral 
function eta Those are known as vasomotor neuroses. Tbey [day per- 
haps a much more important port in the pathology of many iutemal 
organs than we now imagine, but those which are more accurately kiu>wa 
are merely tlie vasomotor neuroses in the te^mentary and, nt the most, 
the deeper distribution of the cervical sympathetic, while we know my 
little oouceming the vasomotor neuroses of the Internal organs. 

The cutaneous angiooeuroses will engage our attention for a a 
Tbey appear merely in two forms but of very variable localization, <) 
times more diffuse, sometimes shaqily localized in certain I 
The limbs, especially the upper ones, are the most freqaent ate of fl 
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I, then the fnce and neck, i.e., those purta vMcli present uormoll; 
the gi'entest viirtMtion m the vasomotor phenomena. 

Si>asm of the vasomotors (cutaneous angiospasm) is roonifested by con- 
traction of the vessels, |)allor onil coolness of the skin, which sometimes 
looks as white as clmlk and cadaverous, especially in the fingers, or as- 
sumes a more Uvid, cj-nanotic coloration after prolonged continuance of 
the spasm ; this is usually associated with spasm of the small muscles of 
the skin (cutis auserina) and the sequeko consist of formication, pain, 
diminished sensibility, awkwardness in executing delicate movements, etc., 
advancuig to changed action of tliG heart and evcu vasomotor angina 
pectoris, if the disorder is wide-spread. The condition is usually 
paroxysmal, and is increased by cold, etc. The very rare condition known 
OS liver angioneiu-otJcus (" essential cyanosis ") may be regarded, perhaps 
OS the analogue of the former ; it is characterized by a flecked, dork bluish 
red congestion, with dull jmin, objective coldness, sometimes associated 
with hipmaturio, and occurring in paroxysms probably due to temporary 
spasm of the small veins of the skin. 

Paralj'sis of the vasomotors (cutaneous ongioparalysis) appears in the 
form of intermittent or permanent flecked or diffuse redness ("essential 
redness ") and incrcaseil temperature of the skiu, with increased pulsation, 
pnmsthesiffi, perhaps also with headache, vertigo, sleeplessness, irritable 
action of the heart, increased production o( perspiration, etc. In indi- 
vidual coses this affection, especially in the hands and feet, has been found 
associated with severe jmins and hyjienesthesio. 

These cutaneous angioneuroses occur mainly in nervous, hysterical, 
neurasthenic individuals and may be produced by all possible morbiQc in- 
fluences (cold, manipulations in water or acrid fluids, certain poisons, etc}. 

The interpretation of these rorious distorbonces is impossible in the 
present state of our knowledge and in the unaotUed condition of the 
question concerning the existence and distribution of the vasodilator and 
vasoconstrictor, inhibitory and irritant vasomotor paths and centres in 
tbe spinal cord, and iu \iew of the possibility that they maybe stimulated 
in a direct as well as reflex manner. 

The previously reported case of Otto (Observation 13) is an excellent 
iUustratiou of vasomotor paralysis ) the following history will serve as an 
example of vasomotor spasm : 

139, O'jftTualion by Nothnagd. Vasomolorneurosis of the upper limbs. — A 
womoD. aged forty-nine yearn. Six years ago, feeling of formication in both 
hands itnd shooting pains extending to the arms, improvement after tbe 
lapse of six months ; ocoasional complaint since then. \'iolent esacer* 
bation during paal tlirco months. Status : complains of a doail feeling, 
formication and severe pains in Iwth hands and forearms of variable in- 
tensity ; improved by warmth and work, rendered worse by cold and rest ; 
tcrr bad at night. Sensibility shghtly dulled ; all symptomB somewhat 
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more raarkeil od left siJo; no tenderness on pressure. Farado-cut^- 
neous brush for a long time with little effect. After a long intermiEsioQ, 
galvanic treatment three times a week (An upon the plexus, Ca on the 
neck, stabile currents for three to five minutes). Left extremity entirelj 
relieved in three weeks, right limb much improved ; gradual reaoTerj. 

It would be premature, in the present state of our pbystological 
knowledge, to decide with any degree of certainty upon the methods of 
electrical treatment of the vasomotor neuroses. We are forced to 
determine the moat useful method empirically, by the Uierapeatical 
experiment, 

A starting-point is furnished us by the scanty e]ectro-pliyaiologic>l 
data, to which I have referred previouBly (Lecture VI.), viz., that mod- 
erate faradic stimulation mainly contracts the vessels, severe faradic irrita- 
tion, espedally the brush, leads to secondary dilatation ; the galnuiic cur- 
rent first causes contraction, then dilatation, the latter occurring so mudi 
more rapidly the stronger the current ; cathodal closures contract the ves- 
sels, nnodal duration dilates them widely ; finally, ascending or descend- 
ing stabile galvanic currents in some nerves cause the vessela to dilate. 

In vasomotor spasm, therefore, the stabile application of the An npon 
the vasomotor nen,-ca and centres (and also upon the vessels themselvva) 
is chiefly to be recommended. Nothnagel applied, with very good re- 
sults, the An upon the brachial plexus, the Ca in tJie neck, stabile, for 
three to five minutes. Strong stabile currents in different directions may 
also be passed, for quite a long time, through the affected norres ; iUIa- 
tatiou of the vessels may also be obtained by vigorous foradizatioD of the 
nsrvQ tnmks and by the application of the faradic brush to the akin. In 
obstinate coses these various methods may be tried in succession. 

In vasomotor paralysis the opposite methods of ti'entment are adris^ 
ble : the stabile application of the Ca to th« afiected nerves and centre^ 
with a feeble current and repeateil interruptions ; a few changes of 
polarity, with a not too strong current of short duiation. may also be 
made. Also, a mild labile application of the Ca to the nerves and aldii, 
with very feeble currents ; likewise feeble faradization of the nerves and 
integument with moist electrodes, or a brief and not very strong applica- 
tion of the faradic brush. It ia advisable in such coses, perhaps, to apply 
the wire brush to remote nerve trunks and parts of the skin, preferably 
upon symmetrical parts of the body. But it hos not been determined as 
yet wliat the localization Emd strength of the stimulus should be in order 
to produce reflex contraction or dilatation in a detinite vascular territory. 
According to Rumpf's experiments it seems tliat feeble and moderate 
faradization is most serviceable in producing contraction upon the non- 
initated side of the body (aft«r previous dilatalion), while very strong 
currents produce marked permanent dilatation, aftei' previous contractioD, 
upon the uon -irritated side. 
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But all these metlioils aeed to bo tested practically in cases of disease 
in wliich eutirely diAercat pUauomeua are often presented from those 
wliich we are led to aspect from physiological esperinienta. Not until 
such therapeutic experiments hare been made In a series of oases will wa 
be able to reach a more positive conclusion with regard to the results of 
electro thernpeutics In vasomotor Deuroses. For the present, however, it 
may be said that the results are aaiisbctory, on the whole, and often fol- 
low very rapidly, especiallj in milder coses of such neuroses. 



There are various reasons for including among the vasomotor neurosoB 
the equally rare aud peculiar, periodically recurring joint affection, known 
as hydrops artieulorum intermittens. This view of the affection naturally 
imphes an attempt at electrical treatment. This was done unsuccessfully 
by SeeUgmueller ; but Pierson states that he hod favorable results in one 
case from galvanisation of the neck. If such a case comes under yoor 
care, I should advise, during the attack itself, the method of treatment 
recommended on the preceding page fur vasomotor poi-olysis, the applica- 
tions being mode to the knee itself, to the corresponding nerve-truuks, 
and the spinal cord, perhaps also to the other leg or to the solo of the 
foot on the same side (mainly feeble currents). During the intervals, 
treatment of the lunihar conl, the crural aud sciatic nerves, ^ith the gol- 
Tonic current, a^ipears to me to be indicated. 



^ Various diseases have also been included recently among the vaso- 
motor-trophic neuroses, or at least have been brought in relation with 
anomalies of the nervous system. Among these affections I will merely 
mention the various forms of erythema, urticaria, and especially herpes 
zoster. These iirocesses are, indeed, of very little interest to the electro- 
therapeutist at the present time, but they offer n very fine 6eld for electro- 
therai>euUo experiments. The neurotic character of the affection is least 
doubtful in herpes zoster ; this may occur independently or be assodatetl 
with neuralgia in the same locality. It appears to depend upon indiun- 
matory processes (neuritis), either in the peripheral nerves or more fre- 
quently in the spinal gangUa or in the Gasscrian ganglion. In api>ropri- 
atc cases, therefore, the treatment suitable to neuritis (iiif'? Lecture XX.} 
should 1>6 resorted to. \a a rule, this will be uimecesaftri', at lenat in 
herpes zoster, since the disease usually recovers spontaneously in a few 
days. At all events, the presence of zoster is always an indication that 
UwnwMlgia which may be present depends upon naoHtia aud that the 
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treatment should be directed specially to the region of the spinal ganglia 
or the Gasserian ganglion. The circumscribed ansestbesisB of the skin 
which are sometimes left over after severe herpes zoster are treated in 
exactly the same manner as other ansesthesise. 



Among the vasomotor neuroses were included formerly the anomalies 
in the secretion of sweat, which sometimes attain a certain independence, 
may present remarkable forms and localizations, and, in fact, are combined 
not infrequently with the vasomotor neuroses. At the present time, how- 
ever, we know that the secretion of sweat is presided OTer by its own 
nerves and cerebro-spinal centres, and that these neuroses may thus pre- 
sent a certain independence. When, as occurs in certain vasomotor neu- 
roses (angioparalysis), an increased secretion of perspiration is regularly 
found, this may be explained by the increased supply of blood and the 
rise of temperature, which stimulate the sweat-glands, but is probably not 
due to paralysis of the inhibitory nerves of the secretion of perspiration. 
However, these neuroses may be entirely independent of vasomotor die* 
tiu'bances. 

They appear in the form of hyperidrosis (increased secretion of sweat) 
and auidrosis (diminished secretion of sweat), either more or less diffused 
or locally circumscribed, especially frequent upon one half of the face and 
with or without vasomotor disturbances or symptoms of an afifection of the 
symjviithetic. 

Little is known with regard to their electrical treatment. If the anom- 
alios of the secretion of sweat are merelv the result of a vasomotor or 
syiujx^thetic neiux>sis, and of the changes in the circulation induced 
tiioreby. these disturbances must be treated in an appropriate manner. 
If the alfoctiou is independent, it must be treated like the vaso-motor 
noun^sis, a stimulating method being employed in auidrosis, the reverse 
in hyivridrosis. 



I will call attention at this place to an affection which, perhaps more 
thnn ;vll others, merits the appellation of a tropho-neurosis, viz., pro<*res- 
sive facial hemiatrx^phy. 

This ohronio p^o^r^£^ssive atix>phy of one half of the face, extending to 
the si>ft |vuiiv the integ\iment, and lx>ne&. and dually leading to very great 
deformity of the face, is evidently neurotic in its origin, although nothing 
iv^sitivt^ has Ixvn detomnned with regarvi to its real nature and the local- 
iMtiou of the prvxvss^ 

I am iuoUned to the opinion that this disease is an affection of the 
txip^mimis nerve ; the view that it is situated in the cervical sympathetic 

Man to mo much less plausible. It is entirely uncertain whether the 
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lesion is situated in the Gosserian ganglion, or in more oentml paths or 
in a trophic centi-e which is connected with the origin of the trigeminus. 

Experience teaches that this affection is incurable after it has been 
(ftLly established. It is only in the very beginning of the disease, tliere- 
fore, that there ia any chance of producing good results from treatment. 

As the most suitable method of treatment I ehould recommend the 
following: galvanization of the trigemimis, especially the region of the 
Gasserian ganglion (transversely through the middle temporal region) ; 
then galvanization of the medulla oblongata (transversely through the 
mastoid processes) and the cervical cord, in order to uifluence the nuclei 
of origin of the trigeminus ; hkewise galvanization of the cervical sympa- 
thetic, in order to stimulate the trophic processes by increasing the flow 
of blouil ; finally, direct treatment of the face with stabile and labile cath- 
odal applications in order to produce the same effect. 



Finally, I may be permitted to say a few words with regard to so-called 
scleroderma, a veiy [)eculiar affection of the skin and the subjacent soft 
parts, which is more and more regai-ded as trophic and vasomotor in its 
origin. The vasomotor disorders which not infrequently precede the 
disease, tlie processes which run their course with symptoms of on atro- 
phic inflammation of the skin, the atrophy, tension, and glossy appearaucft 
of the skin, the shrinking of the subcutaneous cellular tissue, the atrophy 
of the muscles, abnormal pigmentation, anomalies in tJie growUi of the 
hair and nails, the symmetrical development and progreaeive charoctrr of 
the disease, all favor its nervous origin, though this is by no means posi- 
tively proven. Perhaps the affection is located in the spinal cord and its 
trophic centres, perhaps also in the sympathetio and its ganglia. 

Many trials of electrical treatment have been made in this disease, and 
I have treated an entire series of cases with very little success. Recently, 
however, I hare secured an undoubted improvement by galvanic applica- 
tions (combined with arsenic and inunctions of fat) in a cose which hod 
lasted six to seven years. 

The following was the method employed : galvanization of the cer^^cal 
and lumbar enlargements of tlie cord with etabilc currents and change of 
polarity ; then galvanization of the cervical sympathetic in the ordiu&ry 
manner ; finally, peripheral labile (Ca) galvanization of tlio skm in all the 
ports affected (back, neck, chest, upper limb\ especially the hands) with 
sufficiently strong currents to produce redness of the skin. The result 
was not merely subjective, but also very evident objectively, althougli, b& a 
matter of course, there was no question of recovery. 

Ficber has successfully treated, by a similar method, a cose in which 
the disease was conflned to the left upper limb. 
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IX. GENERAL NEUROSES.— CENTRAL AND 
OTHER FUNCTIONAL NEUROSES. 



LECTURE XXX. 

Theory of the Functional NeuroBes — Electro-therapeutic Objects: Bemoval of the Local 
Nutritive Disturbances ; Influence upon the Entire Nervous System and 4he En- 
tire Organism ; Kemoval of Definite Causes of Disease ; Treatment of Individual 
Symptoms — 1. Neurasthenia : Various Forms ; Nature of the Disease ; Methods 
of Treatment ; Results— 3. Hypochondriasis— 3. Hysteria ; its Natare, Object, 
and Methods of Electrical Treatment— 4. Epilepsy — 5. Co-ordinate ProfesaJopal 
Hyperkineses ; Writer's Spasm ; Various Forms ; Methods of Treatment— 6L 
Chorea Magna. 

Of the diseases of the nervous system in the strictest sense it now re- 
mains to discuss a large group of frequent, severe, and important affec- 
tions. These morbid processes vary greatly in character, but a feature 
common to all is that they must be regarded as so-called " functional neu- 
roses," i.e., diseases in which a gross anatomical lesion is not demonstra- 
ble by our present means of investigation. Not even the exact localization 
of these affections in the nervous system — whether in the peripheral nerves, 
spinal cord, brain or sympathetic system — is always known, or several 
localizations must be assumed at the same time ; indeed, in certain forms 
of these neuroses, a general, diffuse affection of the entire nervous system 
is assumed, and they are called " general neuroses." 

We are apt to believe that pui-ely functional, molecular and finer nutri- 
tive disturbances will be relieved more readily than grosser anatomical 
lesions by the action of electricity. Nevertheless, the electrical treatment 
of these functional neuroses is only in the first stages of its development 

The causes of this circumstance are manifold ; in the first place, our 
ignorance of the situation and character of the affection, which always 
antagonizes therapeutic trials ; then the dread of a bad effect upon forms 
of disease which are in themselves dangerous, and are associated with 
irritative symptoms, and in which we fear the application of a new " irri- 
tant ; " furthermore, the great sensitiveness of the patient to all therapeu- 
tic measures, and so also to the electrical current, which, when appUed 
inoautiously, produces unfavorable symptoms ; and finally the many failures 
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of ele(^trical trentment in these neuroses, Bnd which, though they may be 
esjilaiiitiil In pitrt by aa improper choice of the method of applicfitiotl, 
none the less deter from further attempts. 

However, it appears to me to be urgently indicated not to gi\e up 
these attempts entirely, but to renew them again, modified and im- 
proved by our diiily progress in the knowledge of these obscure and re- 
markable diaeaaea. And I shall, therefore, not omit their consideration, 
although their electrical treatment hitherto has not possessed much prac- 
tical Hignificnnce. 

The lirst object, especially in those functional neuroses which can bo 
localized with some degree of certainty, is tlie removal of the local nutri- 
tive (functional) disturbance. The catalipiic and alterative actions of elec- 
trical currents must be relied upon for this purpose, and they may be 
secured by various methods (stabile galvanization or faradization, central 
galvanization, applicatiou of feeble, continuous corrents) ; or this purpose 
may be sought for in ou indirect manner by influencing the circulation of 
the diseased parts, and by indirect catalysis (galvanization of the eympa- 
thetio and the cervical cord, reflex action from the skin, etc.). Aa A 
matter of course, such applications may be variously modified in individual 

In the second place, a stimulant-, modifying, alterative influence upon 

entire nervous system, or even the entire organism, may bo employed 
W a curative measui-e. The former, in the so-called general neuroee^ 
which involve the greatest part of the nervous aj-stem at the some time ; 
the latter partly in the same direction, partly in order to exert a favorable 
influence upon tlie nervous system by improving the general uutritJon and 
Btimulatiug the entire organism. For these abjocts we sliould resort 
es])eciiilly to the methods of general faradization, general and central gal- 
vanization and the electrical bath. 

It may also be our object to effect the removal of definite causes of 
disease in so far as they are accessible to the electrical current, and in so 
much as they prodime the disease or give rise to individual atUcks. In 
this category belong, for example, the relief of periphernl neuralgias, bo 
faros they affect the development of epilepsy, chorea, tetany, etc., the 
treatment of an aura which regularly precedes an epileptic attack, the re- 
lief of ovarian hypenestheaia in severe forms of hysteria, Uie rebef of 
spermatorrhwa, etc., aa causes of spinal neurasthenia, the treatment of 
painful ])0 in ts in writ«r's sjiasm, chorea, hysteria, etc — nil these objects 
must be effected according to the pre%nouslr mentioned niles and methods, 

Finally, a very wide field of activity remains in combatiuf; individual 
prominent symptoms of the functioual neuroses, such as convulsions, ymr- 
ftly sea, neuralgias, hyiient^sthesife, aurestheaiie. migraine, Taeomotor and 
trophic disorders, impotence and Bpermatorrhipa, asthenopia and photo- 

tbia, conditions of fear and insomnia. In oertain forma of disease which 
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preBeat but one or a few sjinptoins, and whoa« pathogenesis and locAlizs' 
tdon are perhaps obscure, this very object may occupy the foreground to 
such an extent as to constitute the main feature in treatment. But in 
ahnost oU these cases it is well to pay special attention to the metluxls of 
central treatment. 

Let lis now see what can be done by such means in the individoal 
forms of the functional neui'oses. 

I begin with the most frequent, and perhaps the most important, of 
these afiectiona, viz. : 

1. Xeitrasthcnia or nervous exiiatistum. — This is the fashionable nemo- 
sis of the present time, and appears in a thousand remarkable forms. It 
may be best described as a marked degree of irritable weakness of tb« 
nervous system, accompanied by the most varied functional diaturbanoea 
although we are not justified in assuming on anatomical foundution. 

This ia not tlie place to enter info the symptomatology of this afiM- 
lioD. In making the diagnosis, however, 3'Du should always remember 
Uiat, despite the imiumerable complaints of the patient,- the moat carefnl 
examination always affords an absolutely negative result (with the excep- 
tion, perhapa, of some spinal tenderness on pressure, a alight increase of 
the reflexes, coldness of the hands and feetj. Every objective change, 
however sUgbt, of sensation, motion, the reflexes, pupils, etc, must cast \ 
doubt upon the accuracy of the diagnosis. Electrical examination oBen 
no aasistance, since it reveals, as a rule, absolutely normal conditioos. 

^ith regard to treatment, it is advisable to differentiate various fonw 
of the disease : one in which the cerebral functions are maioly aflbcted 
(cerebral neurasthenia), and which is especially characterized by a sense 
of pressure in the head, inability to work, sleeplessness, psycbico] dqiicft- 
aion, pathological sensations of terror (" fear of places," dread of light- 
ning, shooting, human beings, diseases, etc.), palpitation of the heart, 
«to. ; another which affects mainly the spinal functions (spinal neara»- 
thenia and spinal indtatiou), and in which weakness and a feeling of ex- 
haustion, pain in the bock, tremor, partesthfsix and pains in the limbk 
disturbed sexual fimction, vasomotor disorders and the like occupy the 
foregromid ; and, finally, a not infrequent combination of both, in whidi 
the disturbances are difl'used more or less over the entire ccrebro-sptul 
eyatem (general neurasthenia) and may occur in the most manifold 000- 
binations. 

AH considerations concerning the character of this wides^wead newo- 
ais lead to the exclusion, as causes of the disease, of circulalorr distaih- 
ftnoea (hyper.-emia or anit^mia) of the nervous syslfm as well as of grow er 
anatomical changes. In the majority of cases the circulatory changes are 
not the c-iuses but the results of the disease, and are merely the expres- 
sion of the neurasthenic affection of the vnso-motor appacatus itself. 
" nay be the primary feature ocoasionallj (Tsso-mota 
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bflienia), and then cause further distarbanc«a hy leading to abnorom] 
diatfibulion ot blood in the central nervous system. In the large major- 
ity of caseB, however, we must assume a finer nutritive disturbance of the 
implicated nervous apparatus, the real nature of which is entirely un- 
known, and for ivhoae functional expression the conception "irritable 
weukneas " is the moat appropriate;. 

In addition to other remedies, electricity oft«n produces admirable r&- 
suits in the treatment of this neurosis. Its office consists in the removal 
of the nutritive disorder of the nervous system, in the strengthening of 
the entire organism, and in combating individual and especially annoy- 
ing symptoms. The galvanic as well as the faradic current may be em- 
ployed for this purpose. In the cerebral form, the galvanic current is 
used in galvanization of the head, sympathetic and cciTical covd in the 
manner which I described in detail under the head of electro-therapeutics 
of the brain ; in the spinal form, galvanization of the spine and the sym- 
pathetic, perhaps also of the legs, IB performed in the manner previously 
described (I prefer the descending current). In general neurasthenia 
both forms of apphcation or central galvanization may be resorted to. 

The faradic current may be employed with the same methods of appli- 
cation, but I would recommend specially general faradization as a very 
valuable method in such cases. If the afTeetion is characterized by very 
marked vasomotor disturbances and symptoms of congestion of the brain 
and spinal cord, you sliould not fail to employ the treatment witli the 
faradic brush recommended by Elnmpf (application of the brush to large 
portions of the integument of the trunk and extremities), 

A long series of symptomatic indications may also lie presented. 
Headache, migraine, pains in the back are treated according to the direc- 
tions laid down in the discussion of neuralgia (Lectures XXV. and 
XXVI. ). Galvanization or faradization from the neck to the epigastrium 
and the pnpcordiol region, and galvanization of Uio sympathetic and 
pneumogiiBtric are not infrequently useful in feelings of terror attended 
with palpitation of the heart, etc. In insomnia, the methods previously 
mentioned (Lecture XVL) may be employed. Weakness and pain in the 
legs are not infrequently ameliorated by direct faradic or galvanic appli- 
cations. Se:iual weakness, premature ejaculation, impotence, etc., may 
be treated by the methods which will be described at a later period (Lec- 
ture XXXVL) ; faradization of the rectum is often useful in conatipatioD 
(ifirfe lecture XXX\".). 

Great caution should be eierciaed in the employment of any ot these 
methods. We have to deal with extremely irritable and sensitive individ- 
uals, and very feeble currents and short applications, tliereforo, should 
always be resorted to at the onset ; every patient should be tested, at the 
beginning of treatment, with regard to his " electrical senBitiveness." 
^_ The results of elecUicol treatment in neurasthenia are by no means 
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^^ The main object of treatment in the removal of the disease itself, i.e. 
of the morbid disturbance of nutrition of the nervous system. For this 
purpose, we may resort to general famdization, electriL-al hatha, general 
gnlvanizutiou ; likewise to galvuiization of the spine with ascending stabile 
currents, the chief iittention being paid to the cervical cord and sympa- 
thetic. On account of the estreuie irritability of hyaterical individuals, 
triikl should be made of the application of feeble continuous currents along 
the spine (with a pair of galvanic elements). The cliseaso, as a whole, is 
favorably influenced at times by treatment of the pressure points and pain- 
ful points along the spine and also by the treatment of ovarian hyperira- 
thesia, as practised by Hoist (An upon the spine, Ca upon the painful 
ovary, stabile uuiTent) or according to tiie method recouimeuded by Keftel 
in visceral neuralgias {vide page 258). 

In this treatment of hysteria special precautions must be employed. 
In scai-cely any other neurosis do payehicid factors play ao imi>ortant a 
port as in this. Confidence in tlie physiciaii and the remedy is the best 
guarantee of succcbb, and you should endeavor, by nil means, to semire 
this confidence, and not destroy it by the careless application of a strong ' 
current. Always begin with very feeble currents and applieatious of abort 
duration. 1 have often thought it desirable to t«st the eSect of the psy- 
chical impression upon such patients and have begun the treatment, 
therefore, by applying the electrodes in the proper manner without closing 
the circuit. The statements mode to us concerning the eflects of such n 
sitting may be remarkable, but they give a dear idea of how much must 
be attributed to imagination and mental escitcmeiit, and how much 
to the action of the ciurent. The confession of this deception may 
produce a decided psychical impression and thus hasten recovery in in- 
telligent patienta ; in others, the opposite effect will be produced by 
such candor, since the offended vanity of the patient will not forgive tlie 
physician. 

The treatment must always be pursued slowly, intermitted at times, 
and excessive irritation must be avoided. 

Symptomatic treatment possesses a wide field of action in the disease. 
It must bo carried out according to thu methods previously described, 
though mollified in certfun res[>ects by the general condition of the pa- 
tient. 

In hysterical paralyses the methods ordinarily adopted in parslyus »n 
admissible. In electro- diagnostic respects I will mention merely tliat the 
electrical excitability of the motor nerves and the mustilea is iji no wise 
changed, as a rule, and tliat the statement of Duchenne that the electro- 
muscular sensibility is usually extinguished, does not hold true by any 
means of all cases of In-slerical paralysis. This feature is also observeil 
ooeafflonally in paralysis of a different origin. The therajieutio results in 
^b* bysterical form are sometimes (for example, in h^-Bterical paralysis of 
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the vocnJ cords ") eitraordinarily prompt and indeed magical, at other times 
they are the very reverse, bo that loDg-continued treatiueat is necessary 
before recovery occurs ; Uiia is especially true of paralyds occurring in the 
form of paraplegia. 

In onacBtLeBia, the methods recommeaded iu Lecture XXIX. should 
be adopted ; the plan recommended by Vulpian, viz., the Application of 
the local faradic brush to a circumscribed part of the skin of the fore- 
arm, sometimes has n briUiant effect in the not infrequent bemiauaiatheBiA 
of hysterical individuals. 

In hysterica] convulsionB, electrical ^atment is often useless, despite 
every possible method of nppUcution. In contractures, good results may 
be obtaiued sometimes from the galvanic current (descending stubileX 
sometimes from the faradic current ; likewise from the continued applica- 
tion of a feeble galvanic current (Lenoir). It is said (Richet, Itoux) that 
hystero -epileptic attacks are sometimes shortened and ameliorated by the 
passage of a stabile galvanic current (10 to 15 elements) from the forehead 
to any part of the body. Sudden change of polarity of n *ery stiong 
galvanic current (40 to 50 elements Ttouvl') applied iu this manner, will 
terminate sucli an attack at once, but does not prevent its recurrcncs.' 

The globus hystericus may be treated by galvanization or furadixatioo 
of the neck and pharynx, perhaps also by the passage of a current from 
the back of the neck to the epigastrium ; this ia also useful iu nerrotu 
vomiting, in addition to a vigorous application of the farado-cutaneoue 
brush to the pit of the stomach. Faradization of the intestines may be 
resorted to in obstinate constipation and in hysterical tympanites. 

4. EpUepmj. — Hitherto this severe and mysterious neurosis has beui 
made the subject of electrical treatment with comparative infrequency. 

The real nature of epilepsy is still obscure, despite all the clinical and 
experimental investigations vnth regard to it and despite more or less in- 
genious attempts at its explanation. Even the localization of the disease, 
which had been referred to the region of the pons and medulla oblongata 
with tolerable certainty, is noiv rendered doubtful The recent obsemtionB 
upon cortical epilepsy seem to point to the motor parts of the cerebnd 
cortex as the place of origin of epileptic convulsions. 

At all eventa, it is certain that the true site of epilepsy roust be sought 
in the brain and that it is due to a peculiar disturbance within this orgsn, 
which is manifested from time to time by a sort of explosive discharge, i.e.. 
by the epileptic attack. Tliis disturbance, which is known as the "epi- 

' In bfsleriical aphonia Emmingbans haa ■omelimet obtmlned moceiisfiil nmlu 
ttota gslvoDliation troDBTcnelr throng-h the miatoid proces«ea, but he is ansble lo 
deciile whether tbia i> due to a phjeicul or a psjcbical effect. 

< SL-itic electricity baa lecentl; been trJL-d in Patii (Charcot, TiguDtoax), and dM 
without good results, in all pooaible byaterioal a;mptoma, aa well as agviiul tte 
diaoaM as a whole. 
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leptio ehftnge," ia dependent very probably not upon gro&a anstomical 
chongea but upon finer nutritive and molecular processes. 

Electro therapeutic measures in epilepsy have been resorted to by va- 
rious writers, but they have not obtained many followers in this direction. 

As a matter of course the electricul current is powerless against the 
attacks themselves ; our endeavors must be directed entirely tow-ard the 
removal of the "epileptic chan-^'e " in the bi'oin. This may be done 
directly or indirectly (by removal of ita causes or by reflex action). 

In the former method the catalytic and vasomotor actions of the 
corrent arc oloue available, viz., direct applications to the head, th« 
cervical sympathetic, and the cervical cord. Althaus recommends trans- 
Torse galvanization tlirough the mastoid processes, and galvanisation of the 
sympathetic. In my recent ciperimeuts I have employed the folloning 
method ; a stabile, very feeble current (1 to G elements) obliquely tlirough 
the head, from the temporal region and upper part of the forehead on one 
aide (Anode, large heail electi-ode) to the opposite side of the back of tbs 
neok (Ca, large electrode), from one-half to one minute ou each side ; thea 
longitudinally from the forehead (An) to the back of the neck (one-half to 
one minute). In some cases, esjHciolly if the vasomotor symptoms ora 
marked during tlie attack and also iu the intervals, I add galvanization of 
the cervical sympathetic. 

Careful trial of farodic currents to the head also appears to me to be 
justifiable, and they should be applied aa in the treatment of mi- 
graine. 

General faradization may be employed for its indirect effects upon the 
brain. AUhaus strongly recommends galvanic treatment of those periph- 
eral nen'o tracts in which the aura is situated. If points of pressure ot 
galvanic painful ^xtints are demonstrable, treatment should be directed 
toward them ; likewise if a neuralgia or a peripheral nerve injury, a cicatrix 
or the like is suspected as the starting-point of the epilepsy, even If it is 
not the site of an aura. 

Successful results are very scanty, but Althaus has reported some very 
striking cases. I have bod a very favorable impression in the few cases 
which I have treated electrically of late years, so that I am encouraged 
to renewed triida. But not until wo are in possession of a large number 
of indinduol experiences will we be able to make more accurate indica- 
tions concerning the selection of cases for electrical treatment and the 
methods to be adopted. 

6. Under the term professional hi/perlnneses ar« usually included all 
those functional neuroses which present the common feature that, in 
oertain complicated and ilellcato manipulations, disturbances of movement 
occur which interfere with the manipulation in question or render it 
entirely impossible. The so colled writer's spasm is the typo of these 
loroseB, but analogous disorders may occur in other occupations, such as 
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drawing, Bewing, playing upon the piano or Tiolin, milking, telegrftpbj, 
making cigars, etc 

There ia no doubt thnt these neuroses do not constitute a consUnt 
form o! dietiu'bance but that they include Torioua affectioua. In Teiy 
rare coses distinctly localized Bpasmodic and paralytic conditions mKj b« 
observed ; these constitute the more favorable forms in which the treat- 
ment has a definite point of attack. 

But the disease may be manifested in a variable form in the purel; 
functional, typical varieties — as a definite spasm oocurriiig during writing 
(spastic form), or as tremor, or, finally, as increasing eshanstion and weak- 
ness of the hand and arm during writing (paralytic form). The cliara&- 
teriatic feature of all these forms lies in the fact that examination rereals 
no further disorders of motion and sensation. Electrical examination, in 
a rule, shows no noteworthy changes. 

We are still very muck in the dark with regard to the real nature of 
these forms of disease ; they present undoubted intimate relations to 
neurasthenia, and are probably due to a localized irritable weakness of 
certain parts of the nervous system caused by over-exertion. This is sito- 
ated mainly in the central nervons system, Uiough we are ignorant as to 
its localization in the spinal cord, the basul ganglia or cortex of the brain ; 
nor is the implication of the peripheral apparatus, the nerves and muscles, 
excluded with cei'tainty. 

This uncertainty naturally reacts upon electro-therapeutic methods, 
since it may be assumed that various applications will be effective. If 
any peripheral disturbance ia discovered, such as paresis, atrophy of iu- 
diridual muscles, neuritis, oua^stltesio, etc., this must be treated fint: 
when there ia marked neurasthenia, endeavor to remove this if posaiblft 

In other respects, you must restrict yourself to direct treatment 
especially to applications to the entire motor apparatus from the cerebral 
cortex to the muscles, if not at once, at least successively and methodically. 
At first, galvanic applications to the head (transversely, longituduuUW, 
obliquely). Then, treatment of the cervical sympathetic and esi>ecially of 
the cervical cord by various methods accoi'ding to the character of tiie 
case (either ascending stabile, so that tie Ca acts chiefly on the cervical 
cord, or stabile apphcation of the An, as rocommemled in other forms of 
spasm). Finally, peripheral gal%'anization of the nerves and muscles 
(either more Libile in the tremor-like and paralytic forma, or mainly with 
stabile currents, as in tlio spastic form). Relatively weak currents shouh) 
always be employed, in order to avoid exliaustion of the motor apparatua 

Moritz Meyer has obtained very excellent results from the treatment 
of points of pressure upon the spinal column, the brachial plexus, etc, 
but unfortunately euch points are demonstrable in verj- few inst^mces. 
Wearing simple galvanic elements upon the arm and neck has seemed to 
me to possess at least palliative effects in individual cases. 
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Faradic treatment may be appropriate in certain cases, especially in 
peripheral local affections of the nerves and musdea Local faradization 
with moderately strong currents is usually indicated. 

On the whole, the results are very meagre. Improvement in writing, 
etc., may be noticed for a variable period after galvanization, but it does 
not persist and in a small number of cases alone do progressive improve- 
ment and finally recovery occur. This never takes place except after long- 
continued treatment and the most absolute abstinence possible from the 
injurious occupation. 

6. Chorea magna is a very peculiar neurosis, which possesses, it is true, 
a certain relationsliip with hysteria and the psychoses, but may undoubt- 
edly lay claim to independence. It is, on the whole, a very uncommon 
disease, which is still more rarely the subject of electrical treatment It is 
manifested by attacks of disordered consciousness, associated with ecstasy, 
violent co-ordinated movements and spasms (shouting, dancing, singing, 
jumping, etc), which may present very bizarre forms and surprising per- 
sistence. 

We are entirely in the dark with regard to the character of this dis- 
turbance, but it is undoubtedly a functional disorder of the brain. 

The purpose of electro-therapeutics in this disease can only be to pro- 
duce a general tonic action upon the nervous Sjrstem (by general faradiza- 
tion or galvanization, electrical baths, etc.) and thus prevent a return of 
the attacks. It may also be justifiable to attempt the production of a 
sedative action upon the central nervous system by careful galvanic appli- 
cations to the head or by central galvanization. 
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drawing, sewing, playing upou the piano or riolin, milking, telegraphy, 
making cigars, etc. 

There is no doubt that these neuroses do not constitute a constant 
form of disturbance but that they include yarious affections. In terr 
rare cases distinctly localized spasmodiu- and paralytic conditions may be 
observed ; these coustitute the more favorable forms in which the treat- 
meat has a definite point of attack. 

But the disease may be manifested in a vaiiable form in the purely 
functional, typical varieties — as a defiuite spasm occurring during writing 
(spastic form), or as tremor, or, finally, as increasing exhoustion and week* 
ness of the hand and arm during writiug (paralytic form). The charac- 
teristic feature of all these forma lies in the fact that examination rcTeab 
no further disorders of motion and sensation. Electrical e^Lamination, hb 
A rule, shows no noteworthy changes. 

Wo are still very much in the dork with regard to the real nature of 
these forms of disease ; they present undoubted intimate relations to 
neurasthenia, and are probably due to a localized irritable wetUuieEa of 
certain parts of the nervous system caused by over- exertion. This is situ- 
ated mainly in the central nerrous system, though we are ignorant ns to 
ita localizfttioQ in the spinal cord, the basal ganglia or cortex of the bnua; 
nor is the imphcation of the peripheral apparatus, the nerves and tnuscln, 
excluded with certainty. 

This uncertainty naturally reacts upon electro-therapeutic methods 
since it may be assumed that various applications will be eSective. If 
any peripheral disturbance ia discovered, such as paresis, atrophy of in- 
dividual muscles, neutitis, anrcsthesia, etc., this must be treated first; 
when there is marked neurosthema, endeavor to remove this if possible. 

In other respects, you miist restrict yourself to direct treatment, 
especially to applications to the entire motor apparatus from the cerebral 
cortex to the muscles, if not at once, at least Buccessively and methodically. 
At first, galvanic apphcations to the head (transversely, longitudinnlly, 
obliquely). Then, treatment of the cervical sympathetic and especially of 
the cervical cord by various methods according to the character of the 
case (either ascending stabile, so that the Ca acts chiefly on the cervical 
oord, or stabile appUcation of the An, as recommended in other forma of 
spasm). Finally, peripheral galvanization of the nerves and muscles 
(either more hibile in the tremor-like and paralytic forms, or mainly with 
stabile currents, as in the spastic form). Relatively weak currents should 
always be employed, in order to avoid exiiaustion of the motor apparatus. 

Moritz Meyer has obtained very excellent results from the treatment 
of points of pressure upon the spinal column, the brachial plexus, etc, 
but unfortunately such points are demonsti'able in verj- few instancea 
Wearing simple galvanic elements upon the arm and neck has seemecl to 
mc to possess at least palliative effects in individual cases. 
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Farndic treatment mny be appropriate in ccrtum cases, especially i 
peripheral local aHecUonB of the nerves and muscles. Local faradizatioBM 
with moderately strong currents is usually indicated. 

On the whole, the results ai-e very meagre. Improvement In writing 1 
et«„ may be noticed fur u variable period after galvanization , but it does 
not [leraist and in a small number of cases alone do progressive improve- 
ment and Unully recovery occur. This never takes place except after long- 
contiuued treatment and the most absolute abstinence possible from tiu 
injurious occupation. 

C. Chorea maijna is a very peculiar neurosis, vrhich possesses, it la tra^TI 
a cerbuQ relationship with hysteria and the psychoses, but may undoubt- 
edly lay claim to independence. It is, on the whole, a very uncommon 
disease, which is st.iU more rarely the subject of electrical treatment It is 
manifested by attacks of disordei'eil consciousness, associated with ecstasy', 
violent coKirJinated movements and spasms (shouting, dancing, singing, 
jumping, etc), which may present very bizarre forms and surprising pei^ 
BisteDce. 

We ore entirely in the dark with regard to the chorooter of this < 
turbance, but it is undoubtedly a functional disorder of the brain. 

The purpose of electro-therapeutics in this disease con only be to pro- 
duce a general tonic action upon the nervous system (by general faradiza- 
tion or galvanization, electrical baths, etc.) and thus prevent a return of 
the attocka. It may also be justlSable to attempt the production of a 
sedative action upon the central nervous system by careful galvanic appli- 
cations to thu head or by central galvauizatiou. 
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LECTURE XXXL 

7. Chorea Minor: Its Situation and Character; Eleotrieal Treatment— 8. Tetanoi: 
Hethoda of Treatment— 9. Tetany: Its Characteristics; Electrical Ezcitabililj; 
Character and Location of the Disease; Electrical Treatment— 10. Catalep^— 
II. Tremor— 12. Paralysis Agitana— 18. Athetosis— 14. Basedow's Disease: 
Symptoms and Location of the Disease ; Methods of Electrical Treatment— Ui 
Vertigo— 10. Diabetes Mellitus and Insipidaa. 

7. Chorea minor, — This extremely frequent neurosis has often been 
the Bubji'ot of olectro- therapeutic trials and with undoubted benefit 

In lutuiy respects this is also an obscure affection. It is probaUj 
looaliKod in the braiu, though this is by no means entirely certain, and an 
implioAtion of the spinal cord is not excluded. In ordinary cases it is 
|U\)lvibly merely a functional nutritive disturbance, but gross anatomical 
ehau^^s an> fouud occasionally. It is eTen* doubtful whether the peculiar 
ohanwteristios of the abnormal muscular contractions are dependent on a 
\iixtuute kind of irritation or ujx>n a definite situation of the affection 
which h:is ^iveu rise to the irritation. 

The svniptoiuatolo^y of chorea is so well marked that it can rarely be 
mistaken. FJei*tric:U e\;uuiuation offers no characteristic results. It has 
Innni stat<\l n^jvattHlIy that in chorea the fanulic and galTanic excitabihty 
of the motor nerves is ir.civasevl • Benevlikt, M. Rosenthal, Gowers), and 
Uxat this v'AU Iv demonsiratevl verv reaJilv in fresh cases of hemichorea. 
IV^pite Ncrv i^vrx^fiil c\n!uiv.a:iv^u I Lave bc<n unable to satisfy- myself of 
the truth of tl:eso s:ate:uc::ts. Hie jxiinful {x>ints upon the spine and 
x^rious ^vnp:;eTtvl uerws^ dis<vvvr\\l ly Rosenbach by means of the gal- 
\^uo omT^^v,; iu v>r.e oas<\ are prv;?^::: in very few instances. 

VATtv^us ix\e:K\is have Kxn eiiirlv^ve\l in the electrical treatment of 
ehvxtvci r,uv.v\r I ux^ke api^I:v'si5iv''ns :o :he Le,ii s».^ that the motor zones of 
ihe l\r,v,*.\ AJV sx:v,cftU\l vv,r\v:Iy Wrwy^n ihx- cliv*tr>ies. l^t,, obhquely from 
tht^ w^ixx-'v, oJf :;;t> vw:r:C xvr.v\^Iu::.^rL;? .-.-:V FiiT. 2i>. anc^e, large head 
<^WVAV>e^ ro ^h<- ovi\\s^::e ^.k of :h^ n-evk OaL lir^;?? electnxie*. for one- 
W,f ^^ ^^ivc v,v*v,u5^ v^ ed&ciL 5C,u* ^::^ a ft^r!^- »ri:rrent i4 to 8 Stoehrer's 
eWu^v.5s^ . or. ux tSf> r,y^,r,^r rvvv^n^ r- : =xl ry O. Berppr. with a bifor- 
>xA^\\ V*\ \u\>!t\ K^h tv^r^^iC r\r^x^crfv ^l-^r Ca K*::^ f{^-^ in the hand or 
MixNft^ iW \\i^»i ^NT r.xv Ts^ %rr: rL-.r ,::t^ In *ii::x^ <rilririxaticHi of the 
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Otbera have specially recommended applicationB to the spinal cord with 
feeble &Bc«iidmg currents, applied partly etabile, parUy labile. Morits 
Meyer, on the other hand, treated his eases with twenty-four to thirty in- 
terruptions of a strong current and Leube has also employed successfully 
a very strong current 

If points of pressure can be demonstrated, their treatment in the or- 
dinary manner (An stabile) is usually attended with great benefit (M. Meyer, 
Bosenbach). 

The faradic current was much employed in former limes, but not reij 
successfully ; genenil faradization may be recommended, piirliculorly in 
oases of relapsing chorea in nervous children. 

The results of these methods of treatment are determined with diffi- 
ealty in a disease of such variable intensity and duiation as chorea. In 
my own experience brilliant results have not been obtained. No good 
effects have ever been secured in old cases of chorea in adults ; the recent 
chorea of children, on the other hand, has been benefited very decidedly 
by electhcal treatment and materially shortened in many cascs. 

8. Tetanun has rarely been the object of electrical treatmenL It seems 
indeed hazardous to employ electricity, an irritant par excellence, iu auoh 
a terrible spasmodic affection, iu which ever}- cutaneous irritation is usu- 
ally followed by a fresh outbreak of convulsions. However, our knowledge 
of the sedative action of the galvanic current and of its reflex inhibitory 
tnfluence upon the spinal cord (Rauke) might lead us to venture its ai^U- 
oation in this grave disease ; and indeed some strikingly favorable results 
have been reported. Great caution must be exercised, however, iu this 
respect, because so many cases of tetanus recover spontaneously. 

The location and nature of tetanus have not, up to tlie present time, 
been entirely cle;ired up ; the constantly recurring attempts to attribute 
tetanus to gross anatomical, infiammatory processes in the spinal cord, 
have not gained general ac'ceptance hitherto. Nevertheless, it is located 
most probably in the spinal cord (including certain parts of the medulla 
oblongata), although no gross changes con bo discovered. 

Mendel observed recovery in two undoubted cases of tetanus vrMcb 
hod beeu sj-stematlcolly treated by galvanism ; ho applied the An to the 
muscles or integument of tlie extremities, the Ca to the spino above the 
eervical and lumbar enlargements (the direction of the current eometimea 
ravened), feeble stabile currents being passed for a few minutes. The 
tetanic stiQhess disappeared quite mpidly, the improvement continued 
after the sitting and gradually progressed to recovery. Whether the re- 
covery iu these cases was due to the action of the current upon the spinal 
oord, the muscles, or the peripher.il sensory nerves can not be decided. 
Lfigros and Onimus report n case of tetanus which recovered under the 
use of very large doses of chloral and the application of the galvanic cur- 
wcl, from which it appears that the employment of descending stabile 
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galvanic currents upon the spine liaa a faYorable effect upon the spnsm it- 
self, relaxes the muscles and produces a feeliug of relief ; one to UoM 
Bittings were held daily, the duration being one to two liours ; the corrent 
eltould not be too strong and the electrodes very large. 

From these few data definite conclusions can not be drami coucerniDg 
the therapeutic value of electiicity in tetanus. In this disease I should b« 
inclined to employ the direct action of the galvanic current upon the spimd 
cord, at first with the anode, perhaps later witli the descending current ; 
feeble stabile currents, applied for a long time. Judging from Mendei'd 
experience, the An should also be applied to the periphei-al parts, ecpe^ 
ciolly to the sensory and mixed nerve trunks. At all events further ex- 
periments should be mode in this dii'ectioo. 

9. Tetany. — The peculiar and not infrequent form of spasm kaown as 
tetany is a much moi-e favorable object of electi-o- therapeutic experiments 

It is a spasmodic disease, manifesting itself by periodical and jmtox- 
ysmal painful tonic spasms of certain groups of muaclea ; it afFects chiedy 
tiie upper Umhs, more rarely the lower extremities, sometimea other mus- 
cular groups of the trunk and head. 

Careful observations have shown that n marked increase con be demoo- 
strnted in the excitability of the affected motor nervous apparatus. Thia 
is manifestt^d by the occurrence of the characteristic spasms upon oon- 
pression of the large uei-ves or arteries of the limbs (Trousseau's symptom] ; 
no less by the marked increase of the mechanical excitabiht.y of the nervi« 
and muscles, and finally by the increased electrical excitability of the mot« 
apparatus. This is fouml in almost all the nerves of the body, most mark- 
edly in those directly affected by the spasm. Upon the faradic examina- 
tion, the nerves react to an extraordinarily feeble current ; upon galmnJo 
examination, Ca CI C appears extremely early, likewise Ait O C : Ca CI Te 
and An CI Te occur very soon and, what is especially important and char- 
acteristic. An O Te is often produced with gi-eat facihty. This increased 
excitabihty occurs not alone during the attacks but also in the inteiparox- 
ysmal period. 

Anatomo-pathologlcal examination has furnished no satisfactory data 
with regard to the character and situation of the disease. A critical con- 
sideration of the symptomatology renders it probable that the condition is 
due to markedly increased excitability of a Int^e part of the motor apptkra- 
tus, the starting-point being probably in the anterior gray substance of 
the cord (with or without implication of the gray motor nuclei iu the me- 
dulla oblongata). 

The most rational method of treatment would seem to be the stabile 
application of the An (the strength of the current being gradually in- 
creased and diminished) to those parts which are the sil« of the disease, 
viz., the cervical cord especially, the entire spinal cord, the individual 
narre-trunka (Ca upon the sternum). All these parts should be tnaCedJ 
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throughout their entire extent, ttie peripheral Derres being treated bj ap- 
plying the An first in the neighborhood of the muscles and then alowlj 
passing upwnrd to tho plexuB. 

It must not be forgotten that other tnetliods of application may also 
prove useful ; for example, Ca stabile with rapid Ca O, eta. These should 
be tried if the first method proves useless. 

Nor is there any objection to a trial of the farodio current : bradiza' 
tion of the spine with large electrodes and moderately strong currents, 
likewise of the nerve-trunks. 

It goes without saying that anodol applications should bo made daring 
the attacks, and I believe that I have observed repeatedly an immediate 
improvement and abbreviation of the attacks. Eisenlohr has also hoticed 
repeatedly this immediate sedative action of the anode. As a matter of 
coarse, it must be continued duiinff the intervals and for some time after 
th9 cessatioii of the attacks, until Trousseau's phenomenon or the marked 
increase of electrical excitability has disappeared. 

Very many observations have not been made with regard to tho resnlts 
of electrical treatment in tetany ; almost all of those reported hitherto 
have been favorable. 

10. Oilalcp'^.— la tliis remarkable form of disease, no opportunity of 
achiering great triumphs is offered to electro- therapeutics. On account 
of the great rarity of the afiection and tho manifold combinations under 
which it appears, the possibiUty of extended and careful therapeutic iu- 
vesligations is excluded almost entirely. 

Electricity has been employed sometimes iu catalepsy ns a vigorous 
irritant with the piu^wse of thus rousing the patients from their trance. 
Indeed, this may prove successful, and, as a matter of course, the free use 
of the faradic brush is advisable. Vigorous faradization of the nerve 
trunks and muades may also be employed. 

As a curative remedy proper in catalepsy, electricity must be applied 
mainly to the central organs of the nervous system. In euch cases. I have 
first employed central galvanization, then galvanization of the head and 
cervical sympathetic, perhaps rigorous galvanization and faradization 
along the spine, but usually without any noticeable effect. 

11. Tremor. — This symptom may appear in Torious forms and from 
manifolil causes. I now refer to those varieties alone which occur with a 
certain degree of independence, such as senile tremor, tho various kinds 
of toxic tremor (alcoholic, mercurial, lead tremor), the neurasthenio tre- 
mor which is BO frequent in nervous peraons, tremor after acute diseases, 
iiliopBthic tremor of individual extremities, et^i. 

The majority of these forms of tremor produce the impression of irri- 
table weakness, of an insufficient, oscillatory execution of individoal move- 
ments and not of a true spasm. 

Much benefit cannot bo obtained from electrical treatment. The 
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choice of the method of application depends upon the general symptoms 
and the demonstrable etiological factore. As a rule, a moderate); etimn- 
ladng, invigoratitig method of treatment should be chosen. 

In local tremor moderate galranization or faradization of the afifectej 
parts and the corresponding region of the central nervous sj-stem ahoold 
be performed and i-epeated regularl; untU recovery enaue& As it occun 
chiefly in the upper limbs, treatment of the cer^'iual cord (perbajts niso of 
the braiu) and direct electrization of the nerre-truuks and museles of tlie 
upper limb with moderately strong currenta are indicated. Excellent re- 
sults are sometimes obtained in this manner {mie Observation 125). 

In geneml tremor, especially in those varieties dependent on toxic in- 
fluences, more reliance may be placed upon general methods of b-eatment 
either central galvanization or general faradization. The electrical both 
is highly extolled by French writers in toxic tremor, especially in the 
alcoholic and mercurial forma. Paul gives such patienta a faradic haib. 
half an hour in duration, every two days. 

The reaulta are often very unsatisfactory, and I liave treated, withont 
avail, many coses of tremor after typhoid fever, etc., witli all possiUe 
methods. 

12. I'araiyina o<;t(aiis.^Undoubtedly the moat severe and obstinate 
form of tremor is paralysis agitans. an independent neurosis of extremely 
characteristic and typical symptomntology. It is n disease of advanced 
life, the situation and character of which are quite obscure, though it baa 
been rendered more probable recently that it is a disease of the brain. 

This affection, into the clinical history of whicli it is unneceseaiy te 
enter, appears to be incurable ; the reported cases of recovery are prob- 
ably due to erroneous diagnosis. Wo cannot expect more than a passing 
relief, or, at the most, a temporary stand-still of the disease. 

The method of treatment consists in galvanic applications to the head 
(obliquely and longitudinally, with large head electrodes), likewise to the 
sympathetic and cervical cord ; in addition, descending stabUe and mod- 
erately labile currents through the peripheral nerves and the musdea. 
Central galvanization or general faradization may be tried, perhapa, in 
individual coses. 

13. Athetofiii'^^Thia spasmodic neurosis sometimes occurs idiopalh- 
ically, but more frequently after cerebral hemiplegia, and it is then 
related to post^hemiplegic chorea and the analogous ti-emor. It constatsof 
peonliitr restless, twitchmg movements, and a characteristic position of the 
hand and Angers, le.ss often of the arm, and sometimes of the foot and leg. 

The location and character of this disturbance are not known with 
certainty. It is generally assumed to be caused by an afifection of the 
brmn, though its spinal origin does not appear to me to be positively ei- 
flluded. At all events, it is uncertain whether this peculiar affection is due 
toft definite location or merely to a definite character of the irritaUott. I 



BPECIAI. rLECXao-THERAPEUnCS. 308 

The electri&al treatment conBJsts usually of galvanization of the bead, 
tlio cervical cord, and the Bfinpatbetic, according to the well-known metb- 
oda ; also the An stabile to the biick of the neck, iho Ca upon the princi- 
pal nerve trunks of the extremities. Gnauck obtained recovery in one 
cise by the application of descending stn-bile currents to the cervical cord 
and tbo muscles. I have treated a number of cases without success ; in 
one gu'l of twenty, suffering from bilateral athetosis following cerebritis, 
prolonged treatment produced at least diatinot improvement and in- 
creased power of using the hands. 

14. Basedoic's diacanc. — This rather frequent nourosia ia charact«riz«d 
by eiopblhalmog, a i»ulsatiiig enlargement of the tliyroid gland and palpi- 
tation of the heart, oltlioogh one or ouolber of these symptoms may bo 
absent occasionally. In addition, there are usnally numerous other ner- 
vous symptoms, marked nervous esliaustion and irritabiUty. All the more 
reoent investigationa indicate with increasing certainty that the disease is 
very probably located in the upper part of the cervical cord and in the 
medtdla oblongata. The affection 13 probably a functional neurosia ; at 
sit events, it presents generally a tendency to recovery, although eome- 
times followed by jiermanent sequehe. 

Electrical treatment must be directed to the cervical cord and the 
medulla oblongata ; applications to the sympathetic and pneumogaatria 
may also be mode in order to combat the principal symptoms. 

The galvanic current is employed almost exclusively. Above all, the 
application of ascending stabile and labile currents to the ccriical cord ; 
An between the scnpuLe, Co in the neck and along the entire cervical 
spine ; very feeble currents (G to 8 Stoehrer's elements) ore recommended 
for one or two minutes. At the same time, I hove often passed tlio cur- 
rent transversely and obliquely through the head, in order to affect the 
medulla oblongata directiy ; also with very feeble currents of abort dura- 
tion. Finally, regular galvanization of the sympathetic and pneuraognstrio 
in the neck in tlie ordinary manner ; the An upon the cervical spine, the 
Ca upon tbo nerves from tho lower jaw to the clavicle, \\'hen the aflecv 
tion was supposed to ha located in tbo Bympathetic, this method was 
ftdoptcd almost exclusively bv certtiin observers, and furnished uumerooB 
good results (Moritz Meyer). This application ia siid to l>o especially effi- 
cacious when the heart's action is violent and abnormally frequent. 

Direct galvanic apphcatious have been made in this disease to (h6 
enlargement of tlie thyroid gland, and with auccGss in some cases ; trans- 
verse ])assuge of the current through the ttimor or a brief, Knd, not too 
feeble, application of tlie Ca is odvisable. 

To relieve the exophthalmos I have repeatedly employed transversa 
conduction of a feeble galvanic current through tiie orbits, from templa 
to temple, and. at the same time, longitudinal conduction from the neck 
to tha dosed hds — whether with real benefit I do not veutnre to decide. 
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The Dt-dinnrr methods of application ore employed in the paresea of the 
ocular muscles, which are preflent iu almost nil severe cases. 

The undoubted close relatioaa of Basedow's disease to neurastlienin, ami 
the ordiuarj- occurrence of neurasthenic symptoms may lead very readily 
to the use of the methods, such as general faradization, ordinarily employed 
in the latter disease. 

As a matter of course, the medicinal, dietetic, and l^alneological tre«t- 
ment of the affection should not bo neglected. 

The results of galvanic treatment in Basedow's disease are by no meaiu 
bad, A reduction in the frequency of the pulse is not infrequently notice- 
able forthwith, or it may occur gradually dui-ing the course of treatment. 
But the entire symptomatology is often Tery rapidly imi>roved, and the 
subjective complaints of the patient relieved. As a rule, howerer, tlw 
treatment must be continued for a long time (thirty to one hundred sit- 
tinge or more). The exophthalmus often persists for a very long time, 
and defies all treatment ; this is less true of the enlargement of the thy- 
roid gland. 

15. I eriigo. ^Little can be said with regard to the electrical treatment 
of vertigo. In the large majority of coses it is merely a symptom of the 
most varied diseases, both of the central nervous system, as well as the 
vasomotor nerves, and, perhaps, also of other organs (reflex vertigo, in- 
cluding stomachal, ocular, labyrinthine vertigo, Meniire's diseasd, et«.|. 
The main feature in all these cases is the treatment of the pritoory dis- 
ease ; vertigo will rarely be treated as an isolated symptom in these afibc- 
tions. 

Not infrequently, however, vertigo does occur, to a certain extent, in 
an isolated manner and constitutes the principal, and, to the patient, most 
striking symptom. Cases aie not infrequent in priwtico in which we are 
consulted with regard to vertigo, while careful examination reveals no 
special abnormality, and the cause and pathogenesis of the ^mptooi 
remain obscure. In such cases Uie vertigo may bo treate<l by electrical 
applicationa As the intracranial organs are the immediate points of ori- 
gin of vertigo, gidvonio and faradic appUc^tions may first be made to ibe 
brain, and then galvanization of the sympathetic. When symptoms of 
circulatory disturbances within the skull are ]jresent, the cerebral cireiila- 
tion may be influenced in a reflex manner by the farad o-cutaueous brush. 

16. Diabeten mellilvn and ijisi/mi^hs.-— Electro-therapeutic measures hare 
been adopted veiy little in diabetes mellitus, and, as it seems, with veij 
poor success ; my own results have been entirely negative. Neftel, how- 
ever, reports a very favorable result in a woman who had eolTered for 
several years from advanced diabetes (nine per cent, sugar under mixed 
diet) and in whom galvanization of the brain (according to Neftel's 
metliod) produced remarkable improvement, so that all the BUbjectiri) 
symptoms disappeared, and the amount of sugar sank to one per flent 



SPECIAL KLEOTRO-THERAPEUnOS. 305 

Beard reports improyement in two cases from central galvanization ; Le 
Fort reports considerable improvement from the permanent application 
of a feeble current of two elements from the neck to the liver. 

The methods of application follow naturally from the current theoreti- 
cal views concerning the development of neurotic diabetes mellitus : treat- 
ment of the cervical cord and medulla oblongata in the ordinary manner, 
and likewise galvanization of the sympathetic ; feeble currents for a few 
minutes daily. 

The electrical current has been employed much more frequently in 
diabetes insipidus, and a few successful cases which have been reported 
should stimulate us to further attempt& Seidel reports a favorable re- 
sult in a case which had lasted more than a year ; energetic galvanization 
of the region of the kidney produced very rapid improvement and in the 
course of a few weeks recovery, with an increase in the weight of the 
body. Althaus reports a recovery in a long-standing case from a single 
application to the medulla oblongata. 

Treatment should be directed mainly to the central nervous system (the 
medulla oblongata and cervical cord) and also to the region of the splanch- 
nic nerves, the dorsal cord and sympathetic ; galvanic applications should 
first be resorted to. Seidel made his application directly to the region of 
the kidneys; one electrode (which?) was placed in this region, to one 
side of the spinal column, the other was pressed deep into the hypochon- 
drium, anteriorly at the same level ; a strong galvanic ciirrent was ap- 
plied for five minutes on each side. 

Qeneral faradization or central galvanization may be advisable in some 
cases. 

I myself have made an entire series of experiments in diabetes insipi- 
dus, but my results have been negative. 
20 
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r.^tlj SiAli -,t,— ' J ^-^ il-f p=r>cI"T r?«rr:<3* affectiaDs of these orgaiit; 
*Juia: r: zL:tT ^y.. lie ^^.rlrj'ri :r ccL^r l.>r=LS of diMaae will be indicated 



I «1I :^:jii. *r:tl il€ Ti5::i:J sf »ri:'.i&. ILe remaikaUe development 
'A v;,;.*.:„il:::.',I.,j7 ii. :":.e liST fiir iecalts Lis thrown into dear relief the 
jrf^At ii:ir/>ruL'.Te of iiariASitrs ?f the eve, not alone in practice but also 
■»-•.;. f«:fer«:L^:*: Vj v^^L/.'Zj. FATiicTsIirij the so-called nervous affections 

'/f \'.<: ^v<;. Jy^tL tLv-s-c wLi.h ifWt the trje stnsorv apparatus, the optic 
;.'r,-w: ;i:. i r<:*.::.a, 'a:.! tLo^ involving the neuio-muscular apparatus, hate 
ii/fti.r'A *}.': jrreate«ft iicpc»rtai:oe in neiiro-pathologT. Neurologists reoog- 
f.i/j: thi>, U/:t more and more from Jay to da v. and the great frequency of 
i,*:t'''t'i'. 'lir'.-a.vrH of the eve as prcxlromata, part -symptoms and sequelie of 
st.ut.'. jr/ij/^rt'int afffrctioRs of the nervous system and also of some other 
ift:ti*r'i\ fi\'ni::int:H, huA Ic-d to Special study and treatment of these diseases 
o/j th#; f^»rt of H|;<rci:ili.st.s. 

A I ;i jii'.dicr of course, electro-therapeutics has also been relied upon 
for iUi-M: 'Aty-ciH, but its part in the treatment of nervous diseases of the 
#v'j JH hf.il! i-oinjjfinitively slight, and is probably underestimated by 
ijjufjy. Still hli^'hicr is its significance in the treatment of all non-ner- 
\ni\'.i affw'tionH. 

'Ihii fi/'tioiiH of electrical currents in diseases of the eye are similar to 
Uiow ill (ii!4f:iiHf?s (jf tlie central and peripheral nervous system which have 
I M -4:11 HO often described. The undoubted relations which «xist between 
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the cervical sympatJietic and cervical Bpiual cord on the oue hanJ, and t] 
structures within the orbit on the other, and the influence which appears 
to tie exerted by the trigeminus upon the circulution and nutrition of the 
eye, should be borne m miud iu the conaideration of eleetro-therapeutio 
methods. 

I will now describe the treatment of the individual forms of disease, ] 
BO far OS they are amenable to the action of electrical curreiits. 

Very little can be said with regard to disecwen of the lids and conjunctiua,M 
Dutrait treats certain forms of eutropium and ectropium, which he nttrib- | 
utea to atony and atrophy of individual bundles of the orbicularis palpe- 
bramm, by careful faradization of theue muBCular bundles. A tine electrode 
is employed, and those bundles, whoso contraction pi-oduces restoration of 
the fiUse position of the lid, are treated patiently for a long time. 

Ilodohi has found the dynamico -chemical eftectaof the galvanic current 
useful in trachoma. He applies the Ca in the form of a copper ohve-tipped 
sound to the granulations of the everted lids, while the An (a moistened 
sponge electi-ode) is placed upon the inferior nuixilla (current from two 
Bunsen's elements). The resulta were Tety satisfactory in a series of cases, 
the granulations disappeared after a few sittings, but relapses were not 
entirely prevented. Rodolfl attributes Arcoleo's bad results in this disease 
to his defective method. Smith has also recommended catalytic treatment 
of trachoma. He applied both electrodes, in the shape of suitably bent 
wires separated about live millimetres from one another, directly upon the 
conjunctiva {current from two elements, one half to one minute upon each 
Ud). J 

DieeaseH of the cornea were treated electrically by Arcoleo almost ex- 1 
clusively by means of the fai-adic current. The positive pole is placed on I 
the neck or hand, the negative (in the shape of a small sponge or brush)! 
directly upon the conjunctiva and coruea, or upon the closed lids by meauBfl 
of a broad sponge ; Arcoleo employed the galvanic current very rarely. ■ 
Daily sittings were held, lasting five to eight minutes. Very good results^ 
were obtained in parenchyiuatous keratitis (application of the brush to the 
conjunctiva, atropine being introduced sometimes). The cornea began to 
clear up after a few sittings and more or less complete recovery gradually 
ensued. A brilliant result was obtained in a case of epithelial keratitis. 
He also states that very good results were obtained in corneal ulcers by the 
same method, the bottom of the ulceration being touched hghtly with the 
hair brush two or three times during each sitting. In oue veiy old case 
of whitish opacity of the eutlre cornea I employed this method for a very 
long time without noteworthy eflect, but it did not .yield to any other 
method of treatment. In one case of beginning neuro-paralj'tic keratitis and 
conjunctivitis (wide Obsen-ation 132), due to paresis of the left trigeminuE^ 
I observed decided benefit from galvanic apphcations to the eye (Ca stabile 
and labile upon the closed hdsj. Briere reports a recoverj' in parenchyma- 
tous keratitis in a few weeks from galvanic applications (4 to 6 elements) 
and Chvostek had admirable results in a case of keratitis pannosa from 
persistent galvanization of the sympathetic. 

Among diseases of the iVis, apart from its nervous aBections, hypopyon 
appears to be the only oue which has been repeatedly made the subject of 
^ctro-therapeutic experiments. Arcoleo speaks very higUy of the fiuradic 
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curreols; a fine sponge electrode is applied directly to the lower borJtrof 
the cornea, and touches the region of the purulent deposit three or four 
times during the course of the sitting ; after the sitting atropine is applied 
and this ts followed by congestion of the conjunctiTa. Marked diiuinution 
of the hypopyon in said to become apparent upon the following day ; mild 
oases are said to have been cureil in a fdngle day, more severe ones in foor 
to seven days (twenty cases). Weisflog has also observed very good eff«cU 
from his method of faradization (large sponge electrodes upon the cloB^ 
lids, six to eight half hourly sittings daily) in five cases of liypopyon, and 
also reports an extremely rapid recovery in a severe, arute iritis Ironi 
three hourly faradizations doily. 

Among f/iseasex of the lens calarnct has been drawn recently into the 
domain of electro -therapeutics. Neftci created no little excitement in tit* 
ophthalmological camp by a report of two case of undoubted beginning 
cataract in which all the symptoms of cataract were relieved by methodical 
galvanic treatment and the visual power restored completely. After a 
sharp criticism of these statements byHirechberg, Neftel acknowledged 
that the opacities in the lens, demonstrable with the oijhthalmoscope, had 
not disappeared entirely, and explained the undoubted improvement of the 
eyesight to the removal of a molecular opacity, which wna not recognizable 
upon ophtfaahnoscopic examination. He adds also tlint galvanic applica- 
tions exert an influence, though not to a great extent, upon the opacity of 
ripe cataracts. 

This subject is, therefore, still in its infancy, but its great importance 
juatities further careful experiments, mainly with reference to beginning 
cataract 

The following is the method employed by Neftel : An stabile in the 
neck, C'a stabile and labile upon the closed lids ; begin with five elements; 
then pass the current in the opposite direction. This procednre should 
be repeated, with an increment of one element, tintil fifteen elements ore 
reached ; duration of sitting ten to fifteen minutes, ut first doily, then 
less frequently. 

The electrical current has been employed, and not without success, in 
diseases of the vitreous body, especially opacity. As is well known, opacities 
may be produced by various morbid processes and thus possess a variabte 
pathological significance. They may be due to extravasations of blood, 
inflammatory products, degenerative processes, pus, cicatrices, etc. 

Giraud-Teulon appears to have devoted most attention to the gidvasic 
treatment of these forms of disease. In a prebminaiy communication, he 
has stated recently that the galvanic current is the most efiective and rapid 
curative measure in the majority of opacities of the vitreous, and Onimus 
has also published a series of favorable reiwrte. Boncheron and LeFort 
have also reported some cases. 

From the observations made by these writers, there seems to be no 
doubt that the galvanic current exercises a certain intliience upon opacities 
of the vitreous, and that rapid and more or less oomplete recovery may be 
effected by means of its employment in not a few coses, which had long 
been ti-eated without beueiit by other remedies. 

The methods employed by different authors vary greatly. Xe Fort 
makes constant application (l>oth day and night) of the electrodes of (wo 
fceble elements to each temple ; Giraud-Teulon applies the An of 8 to 10 
Darnels elements to the closed lids, the Co behind the ear. for two to 
four mmutes ; Ouimus applies the Ca to the closed lids, the An to the 
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correspondiDg eyinpathetift, 8 to 12 ekmente, stabile, for two to five min- 
uies. It follows, therefore, that the esseutial feature ib merely the pfts- 
tiage of the galvanic curreot through the eye, uud this coucluaioii agrees 
with our geDcnil notioiiB concerniug the produutiou of catalytic actioos. 
For future trials I would recommend the passage of a current from the 
closed Uds to the bock of the neck, tcith a change in the direction of the 
current, either the poles being alternated nt each sitting or the An alona 
being employed in one sitting, the Ca in the next ; feeble currents (4 to 
10 Stoohrer'a elements), stabile application for two to five minutes. 

Dor reports some very encouraging results in diseiucs </ the choroid. 
The most suitable cnses for electrical treatment are said to be those in 
which, after a disseminated choroiditis, atrophic changes de»elop in the 
retina with scotoma, et«., after the lapse of months or years, and those in 
which there are numerous accumulations of pigment, plastic oindatioa 
and spots of atrophy. He treats them with the galvanic current trans- 
versely through the temples, or, in a unilateral affection, from the supra- 
orbital arch to the mastoid process of the same side. 

140. Obseroalion by Dor. Clironic relino-chorouiiiis. — A man, aged 
thirty-sis years. Sick for two years ; treated uiiavailingly with all possiblB 
remedies (venesection, mercury, iodide of potassium, diaphoresis, issue, 
baths, etc. ) ; must be led around. Oiaguoais : disseminated choroiditis with 
numerous accumulations of pigment and secondary changes in the retina ; 
papilla somewhat reddish, sharply defined. Large central scotoma on 
both sides. V. on both sides. No. C in the immediate vicinity. At first 
treatment with Heurteloup's, and improvement to xii (with cxcentrio fixa- 
tion) ; then stntionury condition. Galvanic treatment : after three weeks, 
patient reads oU letters in VJL, some in VI. Intermission of five months ; 
reads letters of VTL Strychnine for a week, without change. Galvanic 
current : after two days, letters of \"L ; after a week, of IV. ; six weeks 
Ut«r, reads all letters of HI. ; improvement in right eye alone, the sco 
toma diminishing steadily. After May 2yth central vision (No. XL.) poa- 
sible. July Sth. No. XX. ; August 24th, No. V. The left eye, which was 
affected first, did not show improvement until after fortv-fivo days elec- 
trical treatment (May 2!)tli). July 18th, left eye. No. XV. (excentrio) ; 
August 24th, No. VL ; the central scotoma markedly smaller. 

The diseases of the retina and afilic ntriv; are by far the most important 
to the cIeatro-therai>eutist, partly on oceoimt of their frequency and 
pathological significance, partly also on account of the numerous good re- 
sults effected by the electiiail current in these affections, especially in the 
simple inflammatory processes and their sequehr-, furthermore in purely 
fouclional disturbances without anatomical change, to a loss extent in 
primary dcgfnemtions and atrophy. 

Dor has obtained very good results in a Dumber of cases of reliniitM 
pigvun\U>»a by means of the galvanic treatment described above ; Neft«l 
also r(!i>ort8 a favorable result. 

In papiUitis and papHlo-retitiUix (usually called choke<l disc), as it occun 
in BO many diseaseH witLin the skull, especially in tumors and meningitis, 
aach caoDot be expected from deolrical treatment (although Driver statM 
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that he bna seen good results from galvanization of Uto sympathetic iii this 
syuiptomatic neuro retinitis) so long as tlie process is progressing and tlie 
primarj* disease is not relieved. But it may he hoped (niid indiTiduol oI>- 
servations fiiTor this view) that the electrical current may prove very useful 
and produce considerable improvement o( vision in the sei]utilie of this 
disease, after the termination of the primary affection ; the treatment is 
then the same as in every optic neuritis with secondary atrophy. 

Oplic veuriiig in its yarious foruia and terminations is probably the 
most grateful object for electrical treatment among all the anatomical af- 
feotions of this nerve. 

In optic neuritis and atrophy of the optic nerve, Pflueger lias seen a 
number of good and, in part, brilliant results from galvanic treatmont, 
but furnishes no details concerning the method of application- 

Leber recommends treatment of the sympatlietic in the congenital af- 
fections of the optic nerve described by him, and which are known as re- 
ti'ohulbar neuritis {vide Ubservation 41*, page 184). In a number of 
similar coses, however, this favorable result was not obtained. 

In a case of descending optic neuritis, followed by omblvopin tvith the 
ophthalmoscopic appearances of atrophy of the optic nerve, assoctnted with 
transverse dorsal myehtis, I obtained a very satisfactory result from re- 
peated galvanic treatment. 

141. P^sonttl (AserviUion. Optic neur^isand suiacutgdorsal myelilu.— 
A man, aged fifty-two years, in February. 1877, became blind quite rapidly 
in the left eye, sight being restored after a few weeks ; shortly afterward, 
a similar affection of the right eye, followed by improvement Afler 
Bome time, relapse in both eyes advancing to complete amaurosis ; oph- 
thalmoscope shows distinct appearance of optic neuritis with beginniog 
atrophy. Slow improvement fi'om tlie middle of June. At the end of 
June, symptoms of transverse dorsal myelitis which led (end of July) to 
complete paraplegia, with onwsthesia, paralysis of the bladder, increased 
tendon and cutaneous reflexes, etc. Improvement in all tliese symploics 
from beginning of August, 1877 ; at the end of September, patient can 
walk a few paces. Slow progress of improvement in wight. 

November 12, 1878. — After the sight had remained stationary for a 
long time, galvanic treatment was begun. Status on this day ; pupils quite 
small, react to light ; slight mvopia of both eves : R E., V. A : !<■ ^ 
somewhat less, V. t . With + *3, right, J. No. A ; left, J. No. 6. slowly 
recognized in a few words. Both eyes blind to red and green. Atrophy of 
both optic nerves with slight atrophic excavation, more marked on left 
side. Methwl of treatment : 4 to 6 Stoebrer's elements transvenMjy 
through the temples, 6 to 8 elements, from the neck to eyes, stabile, lkre« 
to four minutes doily. December 10th : both eyes undoubtedly better- 
March 4th : R E., V. Tfl»T^ ; L. K. Y. „"„. With + 3, rends J. Nn. S, 
and some words of No. 2 ; with +i and 5 reads newspaper print readily. 
Treatment discontinued. Similar treatment repeated at a lator period 
produced no noteworthy improvement, but the patient can now write and 
read ordinary print 

142, Obsercaiton by Ramp/. OjOu; neurilia iml/i Irattsvene myelitU. — A 
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woman, aged thirty-Beven years. Sick about two years ; paresis of lower 
limbs. tott«rB on closing the eyes ; parcesthesiie, (Umiiiished sensibility of 
legs, cincture feeling, increased tendon retlexes, incontinence of urine. 
Impaired vision (reads J. No. 14 with difficulty). Ophthalmoscope shows 
appearances midway between choked disk and optic neuritis, viz., swelling, 
cloudinesa, intense injection of papilla, dilatation of arteries and veins. 
Treatment with the faradic brush (vigorous, slow strokes over the cbest, 
back, and upper hmbs). Result very brilliant ; injection of nerve shghter 
OD third day, then the swelhng of the jtapilln diminishe<I ; J. No. 7 could 
be read on the siitb day. After twenty-eight sittings, the symptoms of 
myelitis disappeared ; patient now reads J. No. 3 ; ophthalmoscopic ap- 
pearances normal 

143, Personal obseroalion. Neuriiie tcUk alrojih'j of the oplic ri^M. — 
A man, aged twenty-one years. Came under treatment December 2, 

1880, for amblyopia, which bad existed for several months and had de- 
veloped quite rapidly. Ophthalrooseope shows optic neuritis with transi- 
tion into atrophy ; marked amblyopia, can scarcely count figures ; field of 
vision considerably narrowed. Treated with esliact nucis vomica-, and 
galvanic current ; 6 elements transversely through the temples, fi to 8 ele- 
ments from the neck (An) to the closed hds (Ca stabile and labile), also 
to the cervical sympathetic two to three minutes daily. January 10. 

1881, patient states that sight is decidedly improved ; with tlie left eye 
recognizes upon Snellen's tables the letters from D = 9 very well, = 
in part ; with right eye, D = 9 only in part Colors : green very uncer- 
tain, red quite so, blue and yellow distinct, but not entirely noiToal. Tlie 
ophthalmoscopic appearances better. February. 27th ; L. E., D = 1 very 
well ; R. K, a few letters of D = 4 ; patient can road a few wonls with the 
left eye ; field of vision still very small, he is again able to walk alone upon 
the street March 24th, left for Switzerland. Beturus improved two 
months later, 

I have incomplete notes also of several other coses in which gnlvanio 
treatment was useful, at least to a certain extent, but I must also mention 
an entire series of negative results. Benedikt alao reports a number of 
favorable results lu neuro- retinitis and optic neuritis. 

Tbe method of treatment readily follows, trom the indications which 
are presented ; as catalytic action is required, stabile currents will be rni- 
ployed in the main and should be oppbed as directly as possible to the 
eye and optic nerve. In the first stages the An is preferably applied to 
the eye ; later, when tbe pi-oceas is tenihng toward atrophy, the preilomi- 
nant action of the Ca is more desirable. In atldition, galvanization of the 
sympathetic is sanctioned botli by experience and by nnatomicol and phy- 
siological COD side rationa Large electrodes, feeble currents, short sittings 
(not more than two to five, minutes) are recommended. 

In detail then, the applications shoulcl he made as follows : first, truis- 
Terse jMissi^e of the current through the temples with a variable direction 
of tbe current, in order to reach the optic nerve within the orbit ; then 
longitudinal conduction from the neck to the dosed lids (when neuritis 
predominates, the Au chiefly on the eye, the Ca for a short time and sta- 
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bUo ; after atrophy has occurred, the Ca cbiefl; on the eye, after the appli- 
cktion of the An, stabile aud modemtel; labile). Finallj, galvanization of 
the Bjinpathetic according to the ordinary methoda. 

Namerous obserrationa prove, even at the present time, that detaded 
benefits are obtained by this method. It is often found that the reanlts 
are much better with regard to vision than the ophthalmoscopic appear- 
ances ; the most exquisite white atrophy may be present, althoagh vision 
is tolerably fair. 



The results of electrical, as of other treatment are much less enoouzafc- 
ing in primanj atrophy of the optic nerve, in which an inflammatory initial 
stage is not demonstrable, but we have to deal from the start with a de- 
generation of the nerve. These ore the gravest forms of optic nerve dia- 
ease, and only in very exceptional cases does a stand-still or regonoraticm 
occur ; howe%'er, treatment is not entirely useless and many observations 
make it oar duty not to weary in our therapeutic endeavors in this field. 

This is especially true of optic atrophy in locomotor ataxia. It is ex- 
tremely frequent and important, because it often occurs early in the his- 
tory of this disease and many years may elapse before the development of 
other eymiitoms. But this is not often the cose, and since we have learned 
recently to recognize the earliBst beginnings of ataxia, we will be ab!e not 
in&equently to attach the proper pathological significance to the afEecLJOD 
of the optic nerve from the presence of lancinating pains, reflex rigidity 
of the pupils, slight analgesia and especially the absence of the tendon re- 
Ilexes. The disease manifests itself by diminution of the power of eight 
and the sense of color, contraction of the field of vision, and progreniTe 
amblyopia with the characteristic ophthalmoscopic appearances. 

It goea without saying that it is important to treat the very onset of 
the disease, as then alone is there any ho[)e of maintaining the power of 
vi«on. But even then the results are very slight or entirely negative, asnX 
I have repeatedly seen the afifection progress uninterruptedly from the 
very beginning to complete amaurosis. 

Nevertheless, there are a few cases which teach us that a Btand>BtiU or 
even more or less considerable improvement may bo effected — and this 
also holds true of the coincident affection of the posterior columna of tLe 
spinal cord. I have treated a case of tills character, of which, ualbrta- 
nately, I do not possess any accurate notes. The patient was ui officer, 
aged forty-six years, who bad suffered for twelve years from tbe tnitinl 
symptoms of tabes, and for two and a half years from atrophy of tbe optic 
nervee vrith considerable llmitntion of the field of vision in both «yM. 
Galvanic treatment for a month produced considerable enlargement dt 
the field of vision ; central vision had also improved in both eyes. 

The method of treatment ia the eame as that described above lor 
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Murilic ntrophy. But it is important in such cases to treat the spinal ci 
at the same time. 

Tbe results in the not very infrequent so-cslled genuine atrophy of tj 
optic nerve are somewhat less unfavorable. It occurs from unknowi 
causes without any demonstrable coimection with epinal or cerebral 
diseases, and is entirely analogous to the " whit« optic atrophy " of ataxia 
in the functional disturbance and the ophthalmoscopic appearances. Some 
very favorable results of galvanic treatment in this form have bee 
reported. 



144. Obseruation by Driver. Atrophy of the optic nerves. — A teacher, 
aged twenty-four years. Eye trouble for years ; amblyopic ; treated 
in various ways without success. Examination shows exquisite atrophy 
of botli optic nerves with superficial eica^'ation ; vessels extremely narrow ; 
nystagmus. With right eye sees finger at four feet, with left eye at 
three feet. Contraction of field of vision ; Daltonism. Treatment for 
three weeks with injections of strychnine ; stand-still. Then galvanic 
treatment ; at end of two months patient counts fingers at twenty feet. 
Treatment Lontinued at home ; a year later reads 811, No. 8 and recognizes 
all colors. Ophtlmlmosoopio appearances distinctly improved ; vesselu 
larger. 

145. t)(WCTTH(ion by Driver. Be-ginniiuj atrophy of the i^lic nerves. — A 
woman, aged forty-five years. Left amaurosis for considerable period ; 
recently noticed mist in front of right eye ; otherwise healthy. Ophthal- 
moscope : left eye, exquisite atrophy of optic nerve ; right eye, papilla 
somewhat whiter, vessels smaller than normoL V. = Jg; field of vision 
and color sense normaL After galvanic treatment for three weeks, R E., 
V.|l, mist disappeared, ophthalmoscopic appearances normal ; L. K, 
finger visible at two feet aliove and to the outside. Relapse at end of 
half a year. R. E., mist again present, V. = |g. Complete recovery after 
galvanic treatment for twelve daya 

14C. Personal obtemUion, Ifeginning atrophy of the optic nerveg. — A 
man, aged forty-eight years. A drinker, siifiering for eight months from^ 
diminution of )H>wer of vision, utid frequent headaches. R. E., V= ^g ; liM 
E., V=j'a. Binocular. J, No. 13 at seven inches. Normal tension oM 
flyeballs, reaction of pupils normal ; refracting media clear. Papillfl' j 
brighter than normal, not sharply defined : vessels quite well filled ; field 
of vision and color sense normiil. Galvanic treatment : 8 to 10 elements 
transrerselythrough the temples and mastoid processes ; also from the neck 
ia the eyelids, with variable direction of the current. Considerable iro- 
provement in a few dnyn • head freer, pain disappeared, sight considerably 
better. After two weeks' treatment, examinatioti shows : R, E., V,=^ ; ^ 
K, V. = ,", ; binocular, J. No. 6. 

147. Ofwercation by Dor. n%ite alrojA;/ of the optic nervot. — A lady, m 
Unable to walk alone ; with great difficulty sees a few letters of Ha. LXjLj 
at very short distance : suffering for two years, first in right, then isM 
left eye. White atrophy of botli optic nervesi Frequent headache.^ 
Artificial leeches and iodide of potassium produced improvi-ment, so thai 
she could read Sn. X.X. ; then sljiud still. Then appH<-ntion of fa radJo 
current ; iu a week could read Sn, W., in two weeks a letter of Vlli., in 
tiiree weeks of VL ; no further improvement. Patient rettmied at end of 
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Beven years ; slight relapse, but only to ^x- Application of gaJTanin 
current (October 6, 1871). October 28th, yjjj ; patieot then discoutiuucd 
treatmeDt, but improyemeut remtuned permaneDt. 

148. ObservaUun. by Dor. While atrophy of the right optic nt-rix.—X 
man, aged fortj'-Bix years. Right eye affected ior six tt-eeks ; ishows digtinct 
whibe atrophy. V.^V!" ^^T narrow field of vision. Clalvanic ti-eattuent 
In a week, V.=*ct ^^^ fi^*! ot vision distinctly enlarged ; in two weeks 
Y. ^ ^yi ; field of vision again enlarged. Patient then oontinued the treat- 
ment at home, and writes that sight improved to such on extent that b6 
finally discontinued treatment. 

These cases prove that the galvanic current possesses a considerable 
curative power in those otherwise hojiteless diseases of the optic nerve, 
which are manifested in the form of BO-called ivhite atrophy. From & 
considerable number of observations, Dor concludes that at lenst forty to 
fifty per cent, of these cases may be really and notably improved. 

The method of treatment is the mime na that which I have described 
iibovo for secondary atrophy. As the duration of the process increases, on 
increasingly intense action of the Ca may he recommended. 

The electrical current also appears to possess a favorable influence in 
amblyopia and amaurosis wilhoiU anatomical lesion. But different autlion 
ospresB very different opinions. Driver has seen scarcely any good 
results, while Boucheron, Secondi, Arcoleo, Seely, and otliera report 
favorably, 

Wo have to deal here with amblyopias from nicotine, alcohol, and lead 
poisoning, spontaneous and traumatic aniestheda of the retina, hysterical 
8 and amblyopia, amblyopia ei anopsia, and hemeralopia. 



149. Obsercalion by Boucheron. Cerebral scotonta. — A man upon waking 
in the morning noticed a disturbance of vision in Uie left eye, which hu 
since increased. Central scotoma ; can read J, No. 19, Ophtl)alinosc<^ic 
appearances negative. On the eighth day, application of a feeble perma- 
nent galvanic current, 2 elements Trouv6 for sis hours ; J, No. 8 can then 
be read. Daily repetition of the application ; in foui- days, J. No. 1 can 
be read at 15 centimetres. Complete recoveiy. 

150. Obseroaiion by Boucheron. Convergent etrabisviyg ; marked amhly- 
opin of one eye. — A boy, aged seventeen years. Admitted January, 1675, 
with marked convergent strabismus and nystagmus ; is operated upon on 
both sides with good results. Februarj', 1875, marked amblyopia of left 
eye still present ; with difficulty reads Sn. L. at 10 centimetres. Applica- 
tion of feeble continuous current from 2 Trouv6 element*. An on the fore- 
head, Oa on the neck ; during the entire night and sometimes a fewhoura 
during the day. In ten days, patient reads Sn. No. XXX. ; a week later, 
No. jiX.; four days later, No. XV. Treatment discontinued until Morcli 
2d, then resumed until March 8th, when he could read No. " VTT. and even 
No. X. 

Ifil. Observ-ulion by Secondi. Traumatic nmrsthesia of the retina. — A 
girl, aged sixteen years. Suffereil a contusion of the eye ; no lesion, ex- 
cept An ecchymosia of the bulbar conjunctiva. V. {. Sight had diminiahed 
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at ODce after the accident. The pupil is less mobile thnn on the healtbj 
aide. Galvanic treatment : Ca labile lo the lide, An to the neck. Becovery 
after three aittinga. 

Arcoleo reports very favorable results in hemerolopia. He dia- 
tinguisbes two forms, an organic form, with visible anatomical chanf^fea, 
and a functional one ; the electrical current is especially useful in the Ut- 
ter, tlie results being " bo to apeak unfailing." Conaiderable improvement 
also occurs in some organic forme. He employs the farailic current oloue, 
the Ca to the closed lids, the An to the neck for live to ten minutes. Re- 
covery sometimes follows a single sitting, and there is usually improve- 
meut, ot least, after two to four sittings. 



Hfrniianopsiia, which has been made recently the subject of iutereating 
physiological and pathological discusaions, may also become an object of 
electrical treatment. I have under observation, at the present time, acose 
which developed i-oiuciden tally with a left hemiplegia, in wluch galvanic 
examination reveals in both eyea a field of light which represents but half 
of a circle and corresponds accurately to tlie shape of Uie remaining por- 
tion of the field of vision. As hemianopsia, at least in the homonymous 
lateral forms, is never due to a disease of tlie eye but always to an aflec- 
tion of the optic tract or brain, direct applications to the eye should be 
omitted, as a rule, and the treatment confined to the primary affection no- 
cording to well-known methods. 



Finally, it remains for me to say a few words concerning affeclv»i» of 
the ocular viVbvltg and their nerves. The most frequeut and important 
ones, viz., the paralyses, have been discussed with sufficient detail in a pre- 
vious lecture (Lecture XX IT., p. 198). 1 will here say n few words with 
regard to those paretic conditions of Individual muscles which belong al- 
most exclusively in the domain of the oculist— above all. the so frequent 
muscular axthenopia which is duo to insufficiency of the iut«nitt] recti and 
iu which very favorable results have been secured by means of the gal- 
vanic current. The method ot application should be that recommendetl 
on page 198. 

Electricity has also been recommended iu accommodative asthenopia and 
in mydrious, but recovery is often very long in making its appearance. 

In disturbances of the pupillary reflexes, the galvanic current haa been 
entirely useless hitherto in my bands. 

Very little can be said concerning spasmodic affections of the eye. 
Blepharospasm has been discussed previously on page 270 ; the galvanic 
current (stabile from the mastoid process to the eye. one to two minutes 
daily) has been employed successfully in acquired nystagmus by Soetlin 
and Niedeii. Very little can be done in congenital nystagmus, and in 
Uiat due to multiple scleroais, hereditary ataxia, etc 
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niMauKtiH of Uitt Auilltory ApiMimtUR -Introdnotion— DryneM of the 
C)|Mi(tiliiH of ihn Mciiuliniuo DiHoiwcii of the Audifcoxy Serwt 
vouN TiiiiiiliiH Aiiriuiii ; lt« UrUtiona to Oalyanio Beactioa 
Tlutruiiimlio IndiontlitiiH i Dotc^nniiiation of the Method of 
l'riiim|ili!M of Trrut 1110111 -, S|hhmaI l*ri)cttduro8 in Individoal C 
liiiit T«»ohiiirnMtiMuuik« ; Uoi«ult« N or vouh Deaf neas ; Cases • 
iiitmi himl' iiiuMhiii Mimi<Nr<t*ii IHiwamo— Nooroses of the 
AtftiUbtn NnuitwoH of (ho Olfiiotory Nervct : Anosmia and its 

1 NOW itrrivo ut tho oonmilomiion of tlie auditory appaiatna. N 

oiiH lUlomptH Imvo hi»on mmlo for many years to relieve patientB «»< ^ 

from oiu* tnmhIi'H hv iuoiium of olootrical currenta Many of these al- 
UuiiptH wntt not fnutU^HN, httt tho (Huulition of otology as well aaof dec^ 
tro tlirrii|ioti(ioH «thl hot iidiuit of o\tu*t scientifio progress in thisdepart- 
iiioiit. 

TIiIh t tut oh fnou Hi^onnorH luliuiniblo investigations, which have se- 
oiirod fttrditt Kuhaiiio ounvnt un in4>orUint domain in the treatment of 

(iiiiOtlHOH tif tllirt ol>(tUL 

Nt«rvo\iH itiNoaNOH of \\w our alono havo been subjected hitherto to elec- 
trical troadnout. lUit Nuoh alVootiona are frequent; the labyrinth and 
aihliton iior\o an« primarily atVoot^nl not infrequently, and still more com- 
luotil;^ tliritiirbanoort in (ho norvouH auditors* apparatus complicate diseases 
of (ho oonihu'tiuK ap|v;initnH. That annoying and distressing symptom, 
tinnitiiN auriutu, is os|Hvially oommon« and is in many instances of pmely 
iiorxotm ori^^in, in othors not at all or can he attributed only in part to a 
uor\o\iH disordtn*. KvtTv o\|H'rt knows how difficult it often is to remove 
thin HMuptiMii, aiul how poworloHs otology* is, espcciaily its favorite me- 
oliaiiionl mo(hoils of tn\atn\ont. In those very forms of disease, however, 
thi^ ohndiral ount^nt, 0H|Hvially galvsuiism, is very often curative and not 
infivqiioutlv tlimininhoH tho aiHvm|\Hnying deafness with the relief of the 
subjtvtivo hvMsos. Not unwmmonly tho results in this field are really 
brilliant, aftor all othor moduvls of tn^atmont have failed. Nor do thev 
dojH^nd mort*lv on ohaniv» but art* obtaintnl upon the basis of methodical 
ilia^nostio oxamiiiation and tho oonstHiuont s^nentifie determination of the 
thera|Huitio indications. This is pn>ven by numerous incontrovertible 
facta 
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^^ In addition to nerrouB ear diserwea, a few otlier pathological conditiooal 
of the organ may be successfuIlT subject«il to the influence of electrioall 
curreota. I 

1. Abnurmal dfj/nexf of ilie cxU-rnal auditory canal, aaaociated with an 
auuoying feeling of coldiiese, heaviness, and lifeleastiess of the entire ear, 
produced by deficient secretion of cerumen, occurs in many chronic ear 
diaetises. The action of galvanic currents, esjiecially when introduced b; 
means of a suitable electrode into the auditorj canal tilled with wat6r,.J 
usually removes this symptom very- rapidly and effectuallv, according tav 
Brenner's and Hagen's experience ; probably by acting upon tlie blood-fl 
vessels and secretiug glands. The auditory- canal again becomes flesihlsl 
nod moist, the eecretlua of cerumen returns, and the normal sensation oti 
these parts is restored. I 

2. Opacities of Clie tympanum, ■which, as is well known, are extremely \ 
common, always depend upon the deposit of pathological products, 
although these may vary greatly in character. The frequently observed 
fact that an intense congestive condition of the tympanum may be pro- 
duced by the action of galvanic currents upon tlie ear (and is chomcter- 
ized by marked injection in the region of the handle of the hammer) led 
Brenner to make use of this phenomenon for the absorption of certain 
opacities of the tympanum. This idea was confirmed by experience, and 
Uagen lias reported a series of similar observations. The method con- 
sists in the introduction of an electrode into the external auditory canal 
(filled \vith water) and the stabile application of galvanic currents of ft 
variable direction, so that both poles act alternately. As a mrttt«r of 
course, great patience is required in this method, especially if the opaci- 
ties are very old. In a number of cases, however, Hagen has seen tli« 1 
opacity disappear or diminish very considerably after twelve to twenty ait- I 
tings, and Uedinger has had similar results. 

3. Diseases of the auditory nervoim ajiparatia itxlf. — By far the most 
important, from a practical point of view, are the morbid subjective noises 
in the ear or nervous finnitits a 

This is very common, extremely annoj-ing and depressing to the p<^ J 
tient, disturbs sleep and temper, is associated with disagreeable sens*-* 
tioDS in the head, diminishes the desire and capacity for work, and is felt 
usually much more severely by the patient tlmn the difEciilty in hearing 
or deabiesB ordinarily associated with it. This condition is very often 
inacoeasible to all otological treatment, so th^t there is no doubt of its 
great practical importance, and we must therefore regard it with a double 
aatisfaction that a very important auiiliaiy measure against this obstinats 
and serious disease has been found in the galvanic ourreot 

I have already laid sufficient stress upon the great importance of the 
galvanic current for the more accurate diagnosis of these subjective audi- 
tory sensations (Lecture XI., p. 9G). It was then found that ths resnlte 
of galvBnic examination differ greatly in coses of subjective noises in the 
Mr. The most common reaction is simple galvanic hypera-sthesia, in- 
^Anuad oot iBlrequently to th» "paradox reution ;" or hj-perKsUiM 
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iiuiuf«sted with rnrious onotoaliea of the normal formula ap to ita am- 
]dete nvetssl, or simple ADonuUes of the normal formula without brper- 
^Btheflia, etc But there are numerous cases in ^bich galvauic exoiuiiH- 
tion sbowB no anomahea in the reuction ot the aaditor\- nerve. On liic 
other hnod, it has been proveu that the galvanic current not infreqneatl; 
exercde«« a direct modi/Ting influeiice upon the eubjective noiaes; OaX 
in a series of esses the titmitns is dimitiiahed hy the action of the cutteiil, 
or entirely stopped, at least by certain factors of the stimulnti, wLileiti* 
increased bv others. As a rule. An CI and An I>. to a sligrhter extent 
Ca O, exercise this inhlbitoTy inflnenee upon the tinnitns | as in aluc^ kD 
cases of simple galvanic bypenesthesia). But it sometimes happens that 
Ca CI and Ca D lessen tbe noise, especially in hypenrstbeaia with rcTersal 
of the normal formula, but occasionally when tbe formula is quahtatiTelT 
In another series of cases tbe tinnitus ia not affected in any 
r by the current, and finally, there are certain mixed forms with 
two or more noises, in which one or more of these noises may be lessened 
or abolished by the current (usually by An D), while tbe other is entirelj 
nninfluenced. Ibis indicates a difference in the mode of development ot 
these noisea. 

The most important point in jtractioe Is to determine whether the af- 
fection is of nervous origin or not. 

If there are distinct anomalies in the gnlvanio excitabiUty of the audi- 
tory nervous apparatus, we may nt least, suspect that the afTection is dm 
entirely or in part to a disease of the nerve. This is rendered extretnel; 
probable if the tinnitus can be distinctly modified by tbe galvanic comiit 
especially if it ia lessened by An D. 

On the other hand, its nervous origin is very iinprolNible when no 
anomaly can be found in the galvanic excitabiUty of tbe anditory appaia- 
tua, or the galvanic current produces no modification of tbe linBttua 
However, its nervous origin is not excluded absolutely tberebr, ai^ 
though such cases present very little chance of therapeatin Bucoeas. th* 
therapeutic experiment alone can decide positively with reganl to its cun- 
bility or incurabihty by means of the galvanic current. 

The determination of the method of treatment depends solely opon 
the formula of galvanic reaction, with referenre to the ameliorating influ- 
ence of tbe current upon the tinnitus. At least, this statement is true, 
with scarcely any exception, of the simple and uncomplicated cases of 
simple hvpern'stbesia with tinnitus aurium. It is perhaps prematon to 
regard the restoration of the normal formula as the direct object of treat 
ment ; the immediate efiect of the tfurrent npon the noise itself nmst 
always t>e taken into consideration. 

162. Observatio'i bi/ Brftiner. Simple galixtnic kijperargthesia trith hnm- 
— A student, aged twenty-three yeais. Buffering from 
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) hearing, and constant, extremely severe linuitus in both ears s.s the 
result of long- standing catarrh of the middle ear. Marked meutul depres- 
sion, interference with stady. Watch heard at one inch on left side, two 



inches on right ; the membranes thickened, very opacjue ; light spot tbit 
small on right side, absent on left ; Eustachian tubes pervious on bo^ 
sides ; repeated treatment aselesB. 



Successful elecbical treatment of tinnitna a few months ago ; relapse 
at present time in consequence of excessive mental work and excitement. 
Galvanic examination with very slight strength of current showed ujKin 
both sides : 

Ca CI, violent ringing. 

Ca D, continued ringing. 

Ca O, tinnitus stops for a little while, then gradually grows stronger. 

An CI, tinnitus disappears suddenly and completely. 

An V>, tinnitus remains absent. 

An O, tinnitus returns with increased severity. 

For purposes of treatment, each ear is armed with the An (Ca in the 
hand), the tinnitus abolished by An D with a relatively strong current, the 
strength of current tlieu gradually diminiabed with the aid of the rheostat, 
and finally the circuit opened by withdrawing the Ca slowly from the 
hand ; this was followed by complete cessation of tlie tinnitus, I'erma- 
nent abolition of tinnitus after two more sittings; watch heard at four 
inches on left, sis inches on right aide. 

153. Obfcrvation b'j Brenner. Tinnittis aurium after admmi^raiion of 
(juiiiine ; eimjile ffoivanic kt/penesthesia ; rfcoueri/. — A woman, aged thirty- 
three years. Had taken large doses of quinine for three weeks ; then ac- 
quired an extremely annoying, incessant tinnitus aurium. which remained 
unchanged for past three months ; moderate diminution of audition on 
both sides. Otological examination furnished negative results. 

Galvanic examination showed moderate simple hj-pentsthesiu, and 
complete cessation of tinnitus at An CI and An I). Treated with An D. 
and gradual diminution of current. After the first sitting, tinnitus re- 
mained absent for two hours ; complete rerovert- after the fifteenth sitting ; 
the head felt free, disposition cheerful, im[)Bimient of hearing liud disap- 
peared. 

154. P'-.rkonal obwrvalion. Impairment of hearing and tinnitun mirium ; 
fniaieral h'jprnctthegia of the aroaitic neroe ; parens of the right abducent 
ner-m.^A man, aged fifty-nine .^-ears. Impairment of hearing and tinnitos 
annum for six months, constantly on both sides ; the noise sounds tike 
ringing of bells or the boiling of water. Increasing vertigo for a montli ; 
diplopia for three weeks. Status on January 7, 1870: paresis of right 
abducens ; chronic catarrh of middle ear ; diffuse opacity of both mem- 
bronro wiUi diminution of hght spot ; Eustachian tubes pervious ; (veble 
conduction through the bones, Imtter on right side than on left. Wntch 
heard at eight inrhes on right side, five inches on left ; oft^r catheteriza- 
tion, at twelve inches on right, nine inches on left. 

Galvanic examination shows simple hyperteslhesia in both ears : the 
noise disappears entirely during An D. Treatment consists of vigorous 
application of An D ti> each car. witli gradual diminution of current (also 
treatment of abducens paralysis). After ten sittings, abduoens pareaii very 
much better : tiTinitus nurium deciiledly less, nud only occurs at times. 
Slow progress of improvement ; after forty-four sittings, patient was dis- 
charged in following condition: diplopia almost eutirely diaai^wared; 
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[nnitiis atirium absent, except that it occ^^^:^ 
tearing Bligbtly improved. 

155. Observation by Hagen. Tinnitua 
ng ; simple hypertJEatheaia of bolh acousUc 
Xnoitua aurium and impairment of Iw 
Tadually growing worse. Eight ear ; i 
ent; hears watch at nine inches. Left 
irhit« radiating Btreaks, hght spot absent 
Tuning-fork heaid equally well on both bii 
lervioos. After continued otological tre; 
t one foot, on left at one foot aevi 
ensations not improved. 

Galvanic examination shows simple Ix^ 
lent witli An D, and gradual diminutk< 
ittings, dnnitus aurium entirely and pe 
set on right, and two feet on left sid« 
ight spota distinctly visible. 

156. Observaiion by Hagen. Tmnit 
f the acoualic nerx. — A woman, ageA 
hreefold subjectivd auditory sensation ^^l. 
ing, and roaring ; yery hard of hearin^^ 
ery yellow, opaque, without light »>;:»■ -^k; 
trycbnine injections uaelesa. Galvajz*^^^^ 
hesia. The roaring and whistling di g^m. -^ 
scted. After a few sittings (An D) LY»^^^^ 
•ermanently but the singing noise we^^^^ 

157. Obisermtion by Bagen. BUat.^^^-^ 
f hearing; simfile hyperasetkegia. — A. -»~«^ — 
ag from tinnitus nuriiim and impg».A. -^ — 
hree years, on left for a yeur and » ^^^.^^ 
!iembnu)e, light spot duU, long arrrv ^i^^ 
rnma grayish whit« in posterior <!;>-:». ^ 
ery short. Watch not heard on «:i^-ir3 
ne foot. Conduction through bou^^ ^a, 1z>^tf< 
leiTfioua Symptoms not improve «3_ t»3- ci 
ion shows marked simple hyper»e^-t,t»«»sia • 
in D and gradual diminution t>f <="«^»:»r:rent /ortJT"^' 
D both ears so completely that a. k"^»---— ^— -i —■..-^"'W* 
overy was permanent (patient b^^ 

158. Otaeruation by Brenner- <Z^^i 
urium with impairment of hear^-rM G' r ^'ffpenesfk ''^ • 
—A phvaician, aged fifty years, «^:».fiP^»-iTig atneg ^^ ^i// 

ulty of hearing and distressin: — -»_i---. coiIj. ' 

leard on right side upon appl 

ubes pervious, membranes very «:=l<r>t«dr, etc. j"'- iiot"^?*«i 

.urium the patient also recogoLK«»^ a ^^^P*!" Doj^.'^dit*:^ 

rhich he locates in tlie occiput ; «.» -gzxjii t '" 

rhich ore followed by twitcbinga, _ *^*'''"'^'c'ei^'™P- he i!"*'^] 

i>-pera?8thesia of both acoustics -w-:*. -t."li paradox 

liuring An D, complete cessatior* 

lis aurium unaffected. Patient 

m of occasions for several mc>^=»^-tliB, with t^'J^I ITatw^^ "i*^ 

>uxsii)g in the head constanUr 4^1— ^^Tmmshed, the j ^-^b] "^o on ' "i^ 
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X^peared, bearing improved, the bead felt free, dxa- 
l1. but the tinnitus aurlum remaiDed. 
f>y Hdgen. Impairment of hearing and tinnilua au- 
^trith revergal of the nurinal formuia. — A girl, aged 
nd of hearing for three monttis, and aubjective noises 
^ing of bellti) on both Bides, more marked on left 
ler side ; membraneB opaque, without light spot ; 
B watch at four inches on right aide, one inch on 
ifanent for several weeks proved useless. Galvanic 
following formtUa : 

Ca CI, 

CaD, 

(3a O, feeble hissing. 

An CI, loud hissing. 

An D, continued hissing. 

AuO. 

mmediat« diminution of the subjective noises. Treat- 
i gradual diminution of current After the eighth 
alone returned at times ; after the seveuteentb Kilting, 
permanently absent ; hearing somewhat improved. 
in the galvanic formula disappeared, but the latter 
e normal. Recovery permanent. 
by Moog. Impairment of hearing and tinniiun aurium 
neningUia, — A man, aged twenty-one years. Had cere- 
tis in 1866, followed by complete deafness ; later some 
; side, none on right ; loud bilateral subjective noises, 
mplete deafness of right ear : on left side, watch heanl 
>mpleto deafness for deep tones. Complete integrity 
f me auditory apparatus. Various methods of trent- 
left ear, formula of simple hype rirtitlie sin ; subjective 
y An D ; after first sitting, watch heard at six feet. In 
lings at Ca CI, but no improvement by further treat- 
side, could understand speech at eigliteen paces (be* 
to paces) after twenty-two sittings and the subjecCive 
rably moderated. 

reatment which should be adopt«d can be readily d»- 
te cases. It may be laid dovm as a general principle 
f the stimulus, which diminish or abolish tlie subjec- 
be appUed with the greatest possible intensity and 
e other hand, those which increase the tinnitus should 
luch OS possible or entirely avoided (by gradually di- 
sing tlie strength of the current), 
ium associated with simple hypeneBtheaia, which is 
), close the circuit with the An, in full strength, and 
inish the current after a sufficiently long application of 
lanner that "opening" stimulation is avoided. Not 
lUst be done very slowly and cautiously, and n greater 
t, must often be resorted to again, and the duration of 
L before on absolutely noa-irritoQt diminution of the 
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(rurrent is reudereil possible. If the octioo of the An D is to be increued 
hS a preliminary change of poUritj, close the drcait at the Ca, witi a 
minimum etreugth of currenl, tben gradually inrreoae its strength, uul 
finally change rapidljr to An D. 

But if the hj'pencstbesia la ao great that the parados reaction is pRA- 
ent, the proper method consists in arming both ears nith one bifnrcalaJ 
electrode and then carrying on the treatment in the manner described 
above. This procedure may also be adopted in bilateral simple bjptnn- 
tbeaia of a moderate grade. 

When tinnitus aurium i.'; associated wilb hypera-stbeeia and reTenal of 
the normal formuln, you \rill often find that the tinnitus is diminished by 
the action of Ca D and incjeased by An CI anil Mt D. In this event, 
you must increase and prolong the action of Ca CI and Oa D, avoid Ca O 
by gradual diminution of the current, and that of An CI by gradoal in- 
crease of tliG current. In other reajtects the treatment ia the same u in 
simple bjperfirsUiesia. 

Tlie conditious become more difficult vrhen other anomalies of the 
Tiormal formula, with or without hypertesthesia, ore present. It must be 
left, then, in great imrt to the tact of the electro- therapeutist to determine 
what method will prove successful in the individual case. The leading 
principle should be, however, that ihe method of treatment depends upon 
the fact whether the tinnitus is diminished by An D or Ca D. 

Under all circumstances, however, you should not be deterred by 
Uieoreticnl considerations from one or another method of treatment until 
all available metliods have been exhausted. This will hold tme also u( 
all the rarer anomalies of reaction hitherto unmentioned, of the entirely 
irregular forms associated with tinnitus aurium, and also of those cases in 
which golvniiic examinaliou furnishes no distinct results. lu these not 
infrequent cases you may tiy any method of electrical treatment, however 
hopeless it may seem, and test it systematically for some time. I liave 
repeatedly s^en considerable! improvement efl'ected in this manner. In auch 
patients I should consider it juatifiahle to employ even the farudic cnrmiL 

lu tlio majority o( cases these methods of treatment require great Pi- 
actnesa of manipulation, reliable apparatus and suitable appUcation, to- 
gether with an accurate knowledge of all the data in question and a clear 
conception of the object to be effected. It is best to employ the externa) 
method of ai>pUcatiou (ciile page 65), the indifferent electrode being placed 
in the opposite tiaud. Good fixation of the electroiles is necesiiary ; tlic 
polarity chauger and all other parts of the apparatus must be so umuiged 
that unwished for interruptions of the current are prevented ; special core ' 
should be paid to the gradual increase and diminution of the currant. 
Diminution of the number of elements alternating with diminution of th« 
resistance of the rheostat (in the auxdiary circuit), long-continued appUca- 
tioD of the lower strengths of the currest before it Is still further weakened. 



BPBCIAL ELECrBO-THEUAPEUTI03. 82.1 

and finnll; the passage of the aural electrode over the scalp are the metboclB 
by n-hicli the current can be gradually dimtiuBbed. 

The sittings must often be quite long— from five to twenty miDUt«B ; 
tbeir repetition depends upon circuiu stances. 

The results of the galvanic treatment of tinnitus aurium vary greatly, 
Hometimes very brilliant and rapid, sometimes very gradual, often entirely 
absent. The proportion of successes to failures cannot be determined at 
the present time. In the most favorable forms (simple bypera'sthesia with 
a certain amount of diminution of the tinnitus by An D) the tinnitus 
usually disappears after the sitting, for one-quarter to one-half hour, or for 
several hours, perhaps until the next day. It rarely disappears permanently 
after a single sitting, though this lias happened (ride Observation 157). 
As a rule, it returns gradually with increasing severity after the period 
mentioned, and is again made to disappear (this time for a longer period) 
by the next galvanic sitting. And thus recovery is gradually produced. 
The more rapidly the tinnitus returns after the first sitting, and the more it 
approaches its former intensity and character, the more slowly will recov- 
ery ensue, and vice versa. From the observations mode hitherto, all forms 
of tinnitus appear to be curable which can be made to disappear com- 
pletely by An D. In the less favorable coses a long time often elapses be- 
fore a good result is secured, and not iufrei|ueiiUy varioas methods of 
treatment must be employed in onlor to nltain our cnda I have observed 
repeatedly tliat tinnitus aurium which was inaccessible to the current at 
first was improved and cured by galvanism after an intermissiou of half a 
year to a year in the treatment 



The previous observations show tJiat nervous (fea/hes« ia improved very 
often by the galvanic current and by the some manipulations which pro 
duce disappearance of tinnitus aurium {vide Observations 152, 155, 160). 
But cases of deafness also occur in which tinnitus aurium is not present and 
in which the nervous origin is rendereil at least verj- probable by the abaence 
of demonstrable aCTet-tions of tlic ear, tlie presence of anomalous formule 
of galvanic reaction and of various nervous disturbances. 

161. ObsTTKUion 6_v Brenner. Dn/nenninthotU drmonrtmhlr analomiral 
changef ; anomalouf r^alvanic raiclion. — A man. aged twenty thrf<e. Suffer- 
ing for two years from deafness ; examination of ear negative. Watch heard 
at five inches on right side, three inches on left : conversation at three feet, 
whisper only in immediate neighborhood. Formula of galmnio rMctaon : 

Ca Cb loud ringing. 

Ca D, ringing lessened. 

kCaO, ) 
An CI, V sensation of ringing of a different timbre. 
AnD, ) 
Ao 0, ringing leaseueiL 



u 
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The object of treatment -was the avoidance of the pathological An CI resr- 
tion by gradual increase of the current, the increase of An O reaction by 
prolonged duration of the current, the increaae of Ca CI reactioD hy clumge 
of polarity from An to Ca, and the avoidance of Ca O reoctiou by gradual 
diminution of the current. 

After treatment for two months : watch at twelve inches on right nde. 
seven inches on left ; conversation at seven feet, whisper at two feet. 

162. ObseruaJioii by Brenner. Deafness vnth analomical chatiget ; torpor 
of Ike acoustic nerve. — A woman, aged fifty years. Suffering for seventeeo 
years from increasing deafness with severe tinnitus aurium and mental ile- 
pression produced thereby ; watch cannot be heard at all ; memhraiw 
^mpani dightly cloudy with normal light spot ; hammer very prominent. 
Long-continued treatment relieved the tinnitus and improved hearing ao 
that watch could be heard at forty-six inches on right side, two and ■ 
half inches on left side. Bight auditory nerve presented an almost normal 
formula of galvanic reaction, the left one all the signs of torpid reaction 
(page 101). Loft ear treated with galvanic current, with cbange of polarity 
from An to Ca. The result was : 

First sitting : hearing nt 2^ inches 

Second sitting : hearing at 3^ inches 

Sixth sitting : hearing at G^ inches 

Ninth sitting: hearing at 11 inches 

Tenth sitting : bearing at 15 inches. 
The signs of diminished excitability decreased, and Ca D and An re- 
actions made their appearance. Treatment diacontioued. 

A few words may be devoted to a consideration of Meniere's disease, 
since its nervous origin is abundantly proven by the sudden deafness, tht 
not infrequent tinnitus aurium associated with violent vertigo and Tomiling, 
the absence of changes in the external and middle ear, and the r«8utta of 
examination of the auditory nerve itself. 'NVhether the affection is due to h 
hemorrhage or inflammation of the labyrinth has not been decided posi> 
tively. 

This almost hopeless disease may be treated by the galvanic current, 
the method being based upon the formula of galvanic reaction which mar 
be present or upon the rules which hold good generally with regard to 
the treatment of intracranial anatomical processes. 



Necboses of the GrsTATonr Nerves 

are very rarely the object of special electrical treatment. The only dis- 
turbance which comes into question occasionally ia the paralysis of tast« 
or ageusia. It is scarcely ever found isolated, but is very often a symptom 
of the most varied nervous diseases, as in lesions of the trigeminus at the 
base of the skull, lesions of the chorda tynipani in the middle ear. in rheu- 
matic and traumatic facial paralysis, in peripheral lesions of the lingu&lift. 
or in diseases of the glQSBO-pharyngeus ; furthermore, iu certain cerebral 
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afTections, in liemiatuesthesui (associated with an aftiection of the other 
HpeciAl senses), with eepecial frequency in hysterical heimttmi;sthet>iiL 

You are aware that all or the majority of these lesions may be treated 
with the electrical current. Above all, treatment should be directed to 
the primary affection, according to the well-known methods, which may 
varj- greatly in individual coses (galvanization transversely and longitud- 
inally through the skull, etc.). 

The disturbance of tAsta ordinarily disappears rapidly, as, fur example, 
in rheumatic facial paralysis, provided, of course, that the lesion is cur- 
able, As a rule it will be unnecessary to apply treatment directly against 
the ogeuais, but the latter sometimes persists longer than the primary dis- 
ease or remains permanently. 

If direct treatment is considered advisable, the nerve of taste may be 
excited directly in the buccal cavity or the tongue (preferably witli the 
galvanic current). The mucous membrane which ia affected is stroked 
with a small sponge electrode (phar}-ngeal electrode, vide page 221} or 
with Neumann's pair of electrodes (consisting of olive-tipped sounds) for 
a couple of minutes with a strength of current sufficient to produce dis- 
tinct gustator>' sensations upon the normal half of the patient's tongue or 
upon your own tongue. 



Necbobes or toe Olfactort Kebvu 

are much more infrequent and unimportant than gustatory neuroses, 
although they often produce a much more considerable disturbancv of 
taste than the latter. 

Diminution of the senae of smell, or anosmia, alone has been the sub- 
ject of electro-therapeutic eETorts. It is not very infrequently isolated 
(from diseases of the nose itself lesions of the olfactory nerves from In- 
junes to the akuU, degeneration of the nerves from senile processes, etc.), 
but is o(t«n combined with various other nervous disorders, which are 
dependent upon the primary affection (in cerebral tumors, gimahot 
wounds through the orbit, meningitis, cerebral hemoiThage, hysteria, 
etc.). With regard to the localization of the therapeutic measures it may 
be stated that anosmia of the left side is often associated with right hemi- 
plegia and aphasia ; that anosmia associated with hemiaua-sthesia and 
implication of Uie other senses indicates the internal capsule as the sit« of 
the lesion ; but that the site of cortical anosmia still remains to be defi- 
nitely located (probably in the parietal lobes). 

A few eases of successful electrical treatment of anosmia have been re- 
ported. Ducheune has seen goo<l results from faradization of the naaal 
mucous membrane, especially in hysterical patients. In three c>a«6 of 
losmia of one to ten years' standing (probably due to chronic coryia) 
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treated by Baerwinkel, recoveiy ensaed in two cftses after six sittings, 
and improvement in the third idfter six sittings. His method consisted of 
galvanization with a weak current from the neck to the nasal mucous mem- 
brane, the catheter-shaped electrode being moved slowlj across the latter, 
especially the posterior parts ; this produced various subjective olfiictoiy 
sensations and profuse secretion. Fieber also derived benefit from the 
application of the galvanic current (olive-ahaped electrodess in both nos- 
trils). During the galvanic treatment of a case of tinnitus aurium, Nef td 
observed the restoration of the sense of smell which had been lost for 
twenty years. Beard also observed improvement of anosmia from external 
and internal galvanic treatment of the nose ; and Ferrier cured within 
a few weeks a traumatic anosmia of long years' standing by the galvanic 
current (transversely through the zygomatic fossas or from the root of the 
nose to one of these fossae). 

There is no doubt, therefore, that some cases of anosmia can be cured 
by means of electricity. 




XI. DISEASES OF THE ORGANS OF LOCOMO- 
TION, THE CiLANDS, THE THORACIC VIS- 
CERA, AND THE DIGESTIVE APPARATUS. 



LECTURE XXXIV. 

Diieuea of the Orgsna ot Locomotion : Hnacolni Bbenm&tinQ ; id Vuietia* and 
CtuuscieT : VarioQS Hethoda of TreatmeiiC ; IleBults — Arlioalu AffeclioDB ; In- 
troduotion— Acute latluiiinikUoiu of ths JtuDta: Traumktio niid Other Forma; 
Hbeutuatia Polviirthritia i (-lirDiiia InHuDmatioii* of the Jointa: 1. Mouoartica- 
lar Chroaic Artioular ItheuLuatlaiii ; 'i, Polraitioular Chronic ArticnJar Blieuma- 
U*m; 3. Artbritia Detocmans; 4. StiSnese and Ankyloaia of the Jointa — Dta- 
ttaaea of the Glandular Oigsna ; Tamora of the Ljinpbatio Glanda—Boriifula — 
Splenic Tamora — Diaeases of the Thoracic Viscera — Nervous Aatlima—Nervona 
PalpitaUon of the Heart— Debility aod Irregiilaiitf of the Heart. 

In this section I shall (liscuas a aerieB of disetisee in which the electrical 
current occasionally produces very notable curative effects. They inalud* 
varioua affections, partly nerrous, partly Don-nerrous, to a certain extent 
of great practical importance ao<l scientific and tliernpeiiUc interest, to 
«ome extent of subordinate aiguifiwuice, though ftlwaya worthy of mention. 
I begin with 



DisKxaes OF the 0»a*NS of Iajcoicotiom. 

The active organs of locomotion, the muscles, hare engaged onr atten- 
lion to such an extent that not much remains to be said in this oon- 
noction. 

I shall refer only to a very frequent aud painful affection, which ia 
generally known under the term mnaculur rheumatism, ami in which eleo- 
trical treatment is attended usually with very favornble rcaulU. The 
affection occurs in various forms and in all possible muscles of the bodj, 
and is known preferably as myalgia. Rheumatism of the lumbar muscles 
is known as lumbago, of the neck muscles as torticollis or caput obstipum, 
of the chest musi-lea as pectond myalgia or pleurodynia, &ti:. 

All these forms occur quite often, nre attributed genondly by the p^ 
tieuts to cold or a sudden over-exertion and strain of the muscles ; tixtj 
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ore, under all circumBtances, very painful and often very obstinate, so that 
tha; sometimes reaist all metliods of treatment for montbs auil yean. 

We are still entirely ia the dark with regard to the nature of tliia sSee- 
tion. It is assumed that in a part of the coses slight circulatory disturb- 
ancea occur (coDgcstion, temporary ioflammation witli serous and similir 
exudations), or, in another port of the cases, local solutions of continui^ 
occur in the bimdlee of muscular fibres ; perhaps neuritiu or ntiindgic 
affections sometimes develop in tlie sensory fibres within the mosclea, 
muscular sheaths or fascise ; and finally some forms constitute a traoailJon 
to tonic spasm of the muscles or cramp, and may be termed rlieumatic 
contcacture. 

The first method of treatment is the application of the faradic brush ki 
the integument over the painful muscles with a rigorous current for a few 
minutes, so that intense redness of the skin is produced ; sometimes tk' 
pains disappear at once as if blown away. 

Another method ia vigorous faradization of the affected muscles them- 
selves, with strong currents, so that powerful contractions are produced. 
In the lumbar muscles medium electrodes should be employed, both bdng 
placed upon the muscle ; the current should be gradually increased uii) 
diminished several times during the 6ittin<^, which lasts from five to ten 
minutes. This procedure is quite annoying, because the contractions of 
the affected muscles are in themselves very j>aiuful ; but the pains subside 
usually after a short period of contraction. 

Galvanic applications are much milder and at least as effective, in seme 
cases much moi-e so than the preceding methods. This plan consistK io 
the apphcatiou of the An to the most painful point, while the Cu is placed 
opposite or upon on indifferent spot, or in succession upon several spoU 
in a circle around the An. A stabile cun-ent of considerable strength is 
employed for a few minutes ; at the close of the sitting, a few interrup- 
tions and changes of polarity are made, so tliat vigorous contractions of 
the muscle ensue. This is usually followed forthwith by relief ; the sune. 
procedure may be immediately repeated once or twice (duration of entire 
sitting five to fifteen minutes) until the pain has wholly disappeared. 

Poore recommends the combination of a sort of gymnastics (rigorous 
contraction) of the affected muscles with this galvanic treatment 

The results of all these procedures are commonly very brilliant, and tie 
relief ot muscular rheumatism is one of the most grateful objects of elec- 
tro-therapeutics. Considerable rehef is experienced usually at onoe after 
treatment, not infrequently complete disappearance of the pain and stiff- 
ness. This ia true not alone of recent cases, but I have seen it occur when 
the affection had persisted obstinately for months. I have even seen im- 
mediate relief produced by the galvanic treatment in several coses of acute 
febrile myalgia, but two to ten more sittings are requisite, as a rule, U> 
produce this result 
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Numeroiis att€mpta have been made to cure joint diseasea by meanB of 
wtrit^ity, but the methods of treatment have not been ay atemati colly d»- | 
Loped hitherto. 
We have to deal chiefly with the various forma of artioular inf 
tious and it appears serviceable to divide them into acute and ohronio 
forma 

(Acute Inflammations or the JothTs. 
|i While some reject entirely the employment of electricity in acute in- 
^unmationa of the joints, and a few regard it as uBelcas or even injunous 
in oil acute rheumatic inflammations, otJiers believe that both the galvanic 
and the faradic currents are applicable aud often very useful in the acute 
forms. 

There appears to be no doubt that electricity is beneficinl in acute 
traumatic inflammations of the joints, in subluxations and their seijuelic ; 
Bemak has obtained good results in these cases with the galvanic current, 
Weisflog with the faradic current. 

The swelling, beat, and pain in the joints usually diminish rapidly after 
the sitting, their mobihty increases and the regular continuance of treat- 
ment soon produces recovery. At the present time, however, this method 
has a formidable rival in skilfully performed massage. 

Very favorable results have also been obtained in spontaneous rlieu- 
inatio or symptomatic acute inflammations of the joints by Remak and 
Weisflog. 

Kemak'a method, which may be recommended strongly, consists in the 
passage of a quite strong, stabile galvanic current tbrough the joint, with 
change of polarity but predominant influence of the An, especially while 
the pain is still very great ; at the close of the sitting a few interruptions 
are made and labile currents are passed through the adjacent muscles and 
along the neighboring vessels and lymphatics. The duration of the sit- 
ting is ten to twenty minutes. 

The method of faradic treatment practised by Weisflog, consists of the 
passage of a strong faradic current through the joint with large moist 
electrodes or by means of local electrical batlis, several times doily for a 
ahorter or longer period (fifteen minutes to one hour). Weisflog applies 
the current in this manner (the application being made by the patientj 
from six to ten times in the twenty-four hours, dny and night, and reporta 
very good results therefrom. This writer regards the faradic current as 
injurious in acute articular rheumatism. Gemak is inclined to attribute a 
very favorable influence to the galvanic current in acute febrile rheuma- 
tism, both upon the local process as well as upon the fever and general 
dyacrosia so far aa they are due to the local aSection. He states that spe- 
cially good results were obtained in the local disturbances, the pain, etiff- 
musculor weakness, etc., loft over after the cessation of the fever. 
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Not long ago Drosdoff reported some surprising obaerraHons 
iog the actiua of the fonulic cuiTeDt in acute articular rbeuniatisiii. -^ 
found that the sensitiveness to tlie faradic current (moist eiectnxfe«y "'^ 
markedly diminished iu the affected joints, and that faradijation w*^ 
ngorous current for five to ten minutes reduced the inoreoscd tempo"' 
ture of the joint to the normal, markedly diminished the pains for « n""'' 
bar of hours and, upon daily repetition, secured a more rapid anil !«*< 
distressing course of the disease. These results were verified complelelj'? 
Beetzin Ziemssen's chnic, and lie regards the faradic curreut asB*^' \ 
ble palliative, which may he combined serviceably with other reuAdM 
A.bramov3ki saw the same brilliant results from the application of tiffl 
faradic brush to the integument over the joints (ten to fifteen miuolM 
daily), but did not detect any analgesia, at least of the akin. 

Since the employment of salicylic acid you will not be inclined to »■ 
sort to the galvanic or faradic current in the treatment of acute articnlsi 
rheumatism. But since individual cases occur in which the ndmiDiatii' 
tion of sahcylic or benzoic acid is useless, you may resort owaiaion^lj t" 
the electrical cunent and, at all events, it is advisable as a tolerably oato 
]>alliative in combination with internal remedies. 



Chbonio Inflammation of the Jocrra. 



Among articular affections these constitute the real field for 
other methods of treatment are much more often useless, the disease etm- 
tiuuea for years and thus affords opportunity for the trial of the electrical 
current. Tliose forms are more accessible to ti-eiitment in which the ti»- 
sues surrounding the joints are chiefly affecte<I and in which deeper de- 
structive changes of the cartilages and bones are absent. 

1. Monoariumlar chronic articular rheumatism is a quite frequent affec- 
tion which may be located in any joint, most frequently in the ehonlder 
and knee, then iu tlie elbow and foot. It is associated not UQcomtnoiil|f 
with an abundant collection of fluid, or merely with thickening of the tis* 
sues, stiffuess and great tenderness on movement, roughness and creaking 
iu the joint, etc. It is combined veiy commonly with secondary, often 
considemble atrophy of the muscles, most marked in the deltoid and quad- 
rioeps femoris. It develops after injury, cold, gonorrhcea, and the like, is 
often spontaneous, frequently occurs upon a scrofulous basis (tumor albns) ; 
it i« usually a very obstinate affection, and the ordinary surgical remedies 
(Hpirits iodine, niassage. etc.) may prove useless. 

This articular disease is one of the most favorable forms for electrical 
Ireatment The following are the methods of treatment whioli maybe 
adopted : 

As it is desirable to secure the catalytic effects of golrai 
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rents Bbould be passed traDsveraelj througli the diseased joint in all 
directious ; the effect will be increased hy changing the direction of the 
current a number ot tiroes. In recent cases feeble currents and the pre- 
dominant action of the An should be employed, in old cases stronger cur- 
rents and vigorous action of the Co. Exclusively labile applications to the 
[idjacent muscles, blood vessels, and lymphatics also appear to be very use- 
ful. The duration of the sitting varies from five to twenty minutes. 

The faradic current may also be employed, the current being passed 
throngh the joint by means of moist electrodes or local baths ; the cur- 
rent should be quite strong, the sitting ten to fifteen minutes. Weisflog 
itiakea several applications daily from one-half to one hour iu duration. 

The fanidic brush muy alao be ti'iod, especially wheu vigorous counter- 
irritation of the skin around the joint is desired or great tenderuess is 
present 

The secondary muscular atrophy may be treated either by labile gol- 
vanic currents, Ga CI and changes of polarity, by regular faradization of 
the muscles, or finally, by the feeble, continuous galvanic currents so 
strongly recommended by Le Fort and Valtat (iride page 1'20). 

2, Polyarlicular chronic articular rheumatism is often nothing more 
than a reduplicated variety of the nOectlon just considered, or it develops 
sometimes as a sequela of a specific acute articuUtr rheumatism. It is, 
under all Gircomstances, au annaying und obstinate affection, in which, 
however, electricity sometimes iiroves useful. 

The treatment is carried out in the same manner as in the preceding 
form. Mixed treatment, like that employed by Erdmann (faradic brush, 
faradization and galvanization of the joints and muscles), moy perhaps 
effect the desired object more rapidly. 

3. Arlhrilis deformans or rkeitmaiisinits nodosiis is one of the most 
severe forms belonging to this categoiy, and usually resists the electrical 
current as obstinately as it does all other methods of treatment, Opin- 
ions differ with regard to the character of the disease. Probably several 
forms should be differentiated : one which appears mainly in the large 
joints and the spinal column in advanced bfe (malum senile), another 
which occurs chiefly in the small joints of the fingers and toes, giving rise 
to deformity and beginning in middle age (arthritis pauperum), and due 
mainly to rheumiitic influences ; and finally, probably another form, which 
must be regarded as tropho-n euro tic in its origin. 

The disease always lasts for years, sometimes throughout life, is char- 
acterized by the formation of nodules and deformities in the joints, violent 
pains, secondary muscular atrophy and general weakness. 

The case ti-eated by Cohen with fnradism and cured within six months 
probably belongs in this category : Bemak reports favorable results from 
galvanic applications (chiefly in the form of diplegic excitation) ; Merits 
Meyer has also cured several coses by galvanization of the sympathetic ; 
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AlUiauB obtoined satiafactory results from galyanization of tlie spine asd 
joints. The results obtained by Choron are so brilliant tliat thej ut 
Bcaroely credible. I have treated nn entire scries of cases, but almost 
always without auy success whatever. 

In addition to local treatment of the joints, which should be cairied 
out iu the same manner as in the other forms of chronic rheumatism, «e 
may recommend regular galvanization of the cervical sympathetic and the 
corresponding nerve plexuses, perhaps still more of the spinal cord itself. 
The relief of the general weakness and muscular atrophy, tlie improve- 
ment of the nutrition of the skiu, and the frequent anomalies of the secre- 
tion of sweat, etc., are best effected by labile galvanization of the plexas. 
the principal nerve trunks, and the muscles of the extremities. In addi- 
tioii, trial of general faradization and the electrical batb i& justifiable; 
The sittings should last from ten to fifteen minutes or more. 

4. Ani'i/lonU!, atiffiuins of the jointm, periarthriiic swellings, etc., which 
are obser^'ed not infrequently after traumatA, gunshot wounds, prolonged 
application of surgical bandages, etc., have also been the subject of suc- 
cessful electrical treatment. Moritz Meyer observed the disappeomnce of 
these afibetions after application of the galvanic current, maiuly of tho 
anode. It is immaterial whether one pole or the other is employed ; il 
is probably better to use both alternately in order to secure the meet 
intense catalytic action possible. But massage probably will be the most 
successful ri\-al of electro-therapeutics in this field. 



Disuses or OuLxnuLAB Oboahb, 

Remak relates in his book on gal van o-therapeu tics (pc^e 293) that lie 
succeeded in relieving a row of swollen and painful cervical glands and in 
diminiahiug large goitres which had existed for a long time. Similar le- 
sulU have been obtained since by other observers. 

Seeger, Chvostek, Ouimus, Legros, and Picot have employed the gal- 
Tanio ctu-raut for tho rehef of tumors of the lymphatic glands, and regard 
the atAbilo and labile passage of a current through tLem and the adjacent 
lymphatics as the best method of treatment It is better, ]irobably, to 
Kppfy both poles in succession, though perhaps the An may be applied 
for a longer period in one case, the Ca in another. 

Tb* fnratlic current has also beeu employed successfully in a few cases. ' 
Duelt«nns rdiexed enlargement of the oerrical glands by meuns of fara- 
diaa, and Moritt Ueyer reports a case in whtdi a cerrical gland, as large 
as » hea'a egg, was reduced by the lantdie rarrent to the sii^ of a plam- 
pit ia aix^ sittings, and finally, the very remarkable observation of a 
of sloiqr hardntfis. siluate<.i between the head and the scapola, and 
the he«d, which was reduc«d to a min'"'"'" by meaDH of the 
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current (two hundred and seventy-three eitlings of one to one and * 
a half hour each). Meyer haa found recently that frequent interruptions 
very strong faradic current, passed through the glandular tumors for 
fire to ten minutes, produce a separation of the sweihng into several 

Her glands, and thus markedly accelerate their absorption. 

Chvostek hns published a liirge series of observationa concerning ths 
Ivnnic treatment of goitre ; in some cases he obtained remoikably rapid 
relief, frequently merely a partial diminution of the goitre, and in ran 
cases no results whatever. His plan consista In the daily passage of & 
stabile current for live to ten minutes. 

Mention should be made also of the various a(t«mpta which have been 
made to diminish the size of an enlarged spleen by means of olecincal 
currents, Chvostek has come to the conclusion that the electrical current 
may protluce a distinct diminution of the spleen, demonstrable byjierous- 
aion ; this is effected in a redex manner, the integument in the region of 
the spleen being vigorously foradized with two brushes for a period of 
about three minutes at each sitting. Tliis author, who reports a number 
of striking results, and even in cases which did not yield to liirge doses of 
quinine, attributes them to reflex contraution of the smooth muscidar 
fibres in the Bpleen, and even more to contraction of tlie bluod-veSBeUl , 
themselves. 

Botkin, who applies the faradic current to the enlarged spleen by J 
means of moist electrodes, observed diminution of the size of the organ 
in leuoemia ; Beyer obtained similar results, but faradization proved uae< 
leas in the hands of Elias and Hosier. Skorczewsky found that fiiradiza- 
tion of the spleen (moist electrodes, strong current) produced a diminu- 
tion in the size of the organ almost constantly (the enlargement was due 
to malaria). 

Faradization of the spleen and vicinity may be recommended, there- 
fore, in all obstinate cases of enlargement of this organ which i*esiat other 
methods of treatment. 



I>iHE(si» or Tire Thoiui^io Oroaws. 



If The electrical treatment of pulmonary and cardiac nfTections has been 
tried hitherto in very few forms of disease and very little can be said oon- 
eeming it. 

Nervous asthma occupies the foremost position with regard to electrical 
treatment. On account of the uncertainty of our views concerning the 
real nature and site of asthma, no eUght diCBculties arise with regard to 
the choice of the location an<l the form of the application of electrical 
currents. We ore still undecided whether we have to deal with a spoBin 
of Qis bronchial muscles or of the diaphragm, with a vaaomotor Bwdling 
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of the bronchial mucous membrane, with a disturbance in the domain of 
the pneumogastric or the sympathetic, with a direct excitation of these 
tracts or a reflex production of the asthmatic process^ and finally at wbat 
point this direct or reflex irritation is situated. 

We are therefore restricted to a purely empirical method of treatment 
From the observations hitherto made, it follows that undoubted resolts 
can be attained in bronchial asthma bj the use of electricity. Caspari 
cured a case, which had lasted a number of years, with the galvanic cur- 
rcnt» the Ca being placed upon the sacrum and the An dowly stroked 
along the spine from the neck to the lumbar vertebne for ten to twenty 
minutes ; recovery ensued after twenty-five sittings. Brenner observed 
considerable reUef in a severe case of asthma from the application of the 
galvanic current to the pneumogastric (An in the neck, Ca between tbe 
larynx and the flexors of the head). Neftel systematically treated a series 
of cases with galvanism and states that he obtained surprising resulta 
Starting from the assumption that asthma is due to an implication of the 
pneumogastric nerve, he made this nerve the special subject of treatment 
according to the polar method. It was found that in the majority of cases 
Uie appUcation of the An, in others the Ca, to the pneumogastric had a 
brilUant effect ; the Ca vras specially effective in stopping the individual 
attacks. Neftel begins the application with a feeble current, and increases 
it with the aid of the rheostat until the attack is ameliorated, then gradu- 
ally diminishes tbe strength of the current ; duration of the sitting, two to 
tou nniiutes, at first daily, then less frequently. Schmitz also employed 
the galvaiiio current in a case of asthma and emphysema in which the at- 
tacks wore always preceded by severe nasal and bronchial catarrh. The 
aj^plioation of the electrodes on each side of the thyroid cartilage at the 
inner K^rvier of the stemo-mastoid produccvl immediate relief of respira- 
tu-^n juul ivpious expect onit ion. Schaeffer. on the other hand, obtaineil 
no Ivnent fi\Mn galvanism, but secured brilliant results from the appHca- 
tion of the fcmiJio current. In accorxiance with his view that asthma is 
due ven- genenUly to ;\ii irritation of the nerves in the upper part of the 
ivspin\tory tniot moso, pharynii, tuynx. trachea », he appHes both elec- 
trvxies of a vip.^ivus faradic current {for one-quarter to one-half hour) 
either i!uiiievU:i:t Iv KIow the ande of the jaw or at the level of the thvroid 
i^u-til.iiiw The :»pp;it'ations are made in this manner, at first twice a day. 
later mon^^ iufrvMuently auvl briefly. S^^haeffer states that he has cured a 
numK r v^f v*ai>< s iii li.is w>ay. and Bres^n also reports good results. 

Rut luimerv^us further ol^servations are necessarv before we can decide 
U|vu the \-alue aiivl the spev^Liil indications of the individual plans of treat- 
ment. 

Tlie eleotrio;il trvatmont of ar.vn.'u f-xiu^ns has been discussed in Lec- 
ture XX\T. |\A4r^ ^cKK 

It docs not seem irrational to employ electricitT in tike treatment of 
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neifotis pal/iitalion of the heart. Flies alone appears to have euployeil 
thin agent in n larger series of rases. In twenty-four cases of palpitation, 
five of wliicb were assoiuateil with orgunic cardiac diseaBe, lie observed 
imprHvemeut in all, iinJ in numerous instances (not osjiooiated with or- 
ganic disease) complete recovery occurred after a few (five to six) sittings. 
His method consisted in the application of a moderately strong galvuiii! 
current to each vagus, for one to two uitnutes daily ; the descending citr- 
rent is said to Imve had a better effect than the ascending. In the begin- 
ning the effect was merely subjective but soon became noticeable objec- 
tively by a diminution of the frequency and intensity of the action of the 
heart. I have also treated a ease of severe palpitation and irregularity of 
the heart with iutense cardiac aiitliina (probably due to organic disease), 
with the galvanic current (to llie pneumogustric in the neck and the region 
of the heart), with relatively verj' favorable palliative results. I know of 
no other similar observations. 

As a matter of course, it is enlirely rational in such cases to appeal 
first to the inhibitor;- action of the pneuinogaBtrtc and to stimulate this 
nerve vrith the current. Whether i-ases do not occur in which a depreaa- 
iug effect upon the cervical sympatlictio or the excitomotov centres in the 
spinal cord (An stabile upon the cervical cord) will produce a similar effect 
can bo determined alone by further experience. 

In addition, trial may be made of the direct action of the galvanie 
current upon the intracordial nerves, according to Zicmaseu's method, in 
order to regulate the action of the heart This jiroceduro consists in llir 
passage of very strong currents from the spine to tlie cardiac region with 
very large electrodes, and with changes of polarity regularly performed at 
definite intervals. An increase in the frequency of the heart's action may 
be readily effected ; <liminution of the number of beats requires very con- 
aiderttblo strengtli of current, at k-ast in tlie normal hearL It goes witli- 
out saying that great enution is iiercsaary in such oxperinienls. 

In hko manner it does not seem to lie unjustifiable to make such 
experiments in vxaknrsi> and irregularity of the heart. Ziemesen's method 
may be specially recommended in tltis connection, particularly the sta- 
bile passage of strong gidvonic currents through the heart (idso without 
changes of polority), which produces an accelomtion of the henrt-beats in 
a regular rhytlim (probably from direct stimulation of the ganglia of the 
heart) when applied at certain points (the auriculo-ventricuhvr groove anil 
ita vicinity). Galvanization of the cervical cord, the pneumogaatiio and 
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■erit onr attention, cliieily v.-itb regard to tlie iligestiTe caaal ii 
macli less aigoiflcance attaches to tli« larger and em&ller { 
pvodageti 

8pa*m and paratt/aia of the oesophagus alone a 
pbenomcnn, but occanouall; may become the subject ot a 
meat This must be done according to general pniici|ilM. p 
iolrotlDCtion of an electrode (an oesophageal bougie immia^-v 
lie tip) for a rariable distance into tlje oesophagus, wk 
trod* is placed upon the bock of the necti, tbe Aotwti 
sternum. Both currents are applicable, but it b advisai 
tioiw Id the cboico of the strength of current on aceo^ 
at tha pustnuogastrics, since their escessiTe initatioa i 
with dangerouii consequences. 

Brenner rapidly <:ure<l a peculiar aenaorif n^wroHS ^ As ■ 
sort nt nerrous heartbum without other dyspepbe trm^^m 
Mala ?), tiy the oppUcntion of the galranic curreot to ^ 3^ 
piimimoKsatrio twriti (An at the back of the nedc Ot kenvM 
ami siwiici-niaaiwid, Uireo minutes, with a few inluiuccinw. 

Til* ln»estltfa(i(ins with regard to the elec 
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pirical ; either iaradization of the gastric region, from the apine to tiio 
epigastrium, or from the ueck to tlio epigastrium, or both poles upou thu 
region of the stomach, with tolerably strong currents ; or galvanizatioii 
performed in the same manner ; or galvanization of the ueck and the cer- 
vical cord. Improvement occurred in tiie majority of tJie cases reported. 

The treatment of nervous canludgia haa been discussed in Lectnre 
XXVL, page 256. 

Special iufercst has been attached recently to so-called nervous dyspep- 
sia, and the voices of some authors have been mised In favor of its electrical 
treatment. Opiniouu difler, however, with regard to what should be colled 
" nervoua dyspepsia." If, with Leube, we include only those cases in which 
digestion is normal with regard to duration and its chemical relations, but 
various disagreeable and annoying local or general Byinptoma occur dur- 
ing digestion (either aa the result of abuonnal irritabiUty of the gastric 
nerves themselves or of the entire nervous system), the notion of nervous 
dyspepsia, in my opinion, would be too narrow. There can be no doubt 
that cases occur in which abnormal di^stion may present the symptoms 
of nervoua dyspepsia, due to deficient innervation of the glands of the 
stomach or to insufficient activity of its muscular coat In one series of 
cases, therefore, the nervoua dyspeptic disturbances occur during normal 
digestion, while in another series digeslion itself is rendered abnormal by 
primary nervous disorders. But Inth forms are closely associated, and 
vatinnt be sharply separated In practice ; the electrical current is often a 
suitable remedy for both varieties, in addition to other measures which 
are indicated by the general condition of the stomach. 

The diagnosis of these conditions is not always easy, but careftd ob- 
servation and examination and the exclusion of organic nffections of the 
stomach will often permit their recognition with certainty. 

In the electrical treatment both currents may be employed in various 
ways according to the predominant symptoms. Beard and Rockwell 
recommend general faradization and iin<loubtedly vrith justice, since 
the majority of these patients also suffer from general neurosthenuL 
They also recommend galvanization of the pneumogaatric, sympallietic, 
and spinal ixilumn and later central galvanization. Leube employs in 
Ijart strong foradic cwrrents (from tlie back to the epigastrium), in part 
the galvanic current, almost always as lui extenml application, the An in 
the epigastrium, the Ca upou tlie dorsal spine, with a tolerably etroog 
current. Burkart saw admirable results from the application of tlic gaU 
vonic current in a similar manner ; ho presses the An as deeply as posw- 
ble into the region of the abdominal plexus, which is tender on pressure, 
and applies the Ca to the back with a stabile current Stein prefers the 
faradic current and passes it transversely through the abdomen from one 
b}-pQchondrium to the other with krge flat electrodes, employing a cur- 

it of moderate strength. 
22 
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The faradic current should be emplojed firat, especially if atony of 
the stomach aud iQteatines is also noticeable ; if abDormal Bensatiopfi, 
hjrpenesthesia of the gastric nerves and the like predominate, a trial d( tlir 
galfanic current {anodal application) appears justifiable, particularly when 
tlie abdominal plexus is distinctly lender on pressure. Both currents idrt 
also be employed alternately. In addition, the methods genemlly adoptcU 
iu neui-asthenia may be tried, and in obstinate cases treatment of the pnea- 
mogastric and sympathetic in the neck and along the spine, perhaps also 
central galvanization and general f^iradization sboidd not be omitted. 

Atony and dilaialion of the stomach are observed not infrequently In 
connection with nervous dyspepsia. 

Atony of the stomach is a very common ^rmptom in all possible dis- 
eases of the nervous system, especially in general nervous debility and b 
many central diseases. It may also occur as the result of chronic gaslnr 
affections, of continued and frequently repeated distention of the oi^sn 
with an excessive amount of food ami the like. After it bos existed (or n 
nflutain length of time, it gives rise, as a rule, to dilatation of the stomach 
^^H Uiis muy be attributed, in turn, to various pathogenic factors. Some 
^pbcB are of traumatic origin from a blovir or fall upon the epigastnam. 
especially in nervous, hysterical individuals ; others result from gosthc 
catarrh and atony of the muscular coat induced thereby ; others arise 
from a relatively excessive strain upon the walls of the stomach b; n large 
amount of food, and distention In consequence of development of gaa or 
stagnation of the ingeeta ; the latter forms are especially frequent in 
stenosis of the pylorus. 

In all these cases electricity may be employed for the purpose of 
stimulating the contractions of the stomach and relieving the atony which 
constitutes, under all circumstances, one of the chief conditions for the 
relief of the gastric dilatation. As a matter of course, the latter must also 
be treated by other remedies (especially the stomach-pump) and, above 
all, an attempt should be made to meet the causal indications. But even 
in such cases electricity shoidd be employed as an auxiliary raeaaure. 
and whenever we have to deal with purely nervous atony and ectasia of the 
stomach, electricity is undoubtedly the sovereign remedy. 

The methods recommended by individual authors are not ideoticftl 
Onimus advises the application of the galvanic current (from the epigas- 
trium to the back, and from the lesser to the greater curvature), while 
almost all other authors employ the faradic currentin preference. Fuerat- 
ner applies one electrode of a vigorous current to the left hypochon- 
dnum. the other to the region of the stomach, and moves the latter vrith 
strong pressure along the greater curvature toward the pylorus. Neftel 
appUes both electrodes upon various diametrically opposite points of the 
surface of the dilated stomach, allowing increasing induction currentA to 
pass ten to twenty times ii 
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It appears to me to be most serviceable to apply a large electrode to 
tlie back, ini mediately to the left of the epinous procesaes at the level of 
the cardiac end of the stomach, while the other somewhat smaller elec- 
trode is placed first upon the epigastrium and then successively upon the 
other parts of the entire surface of the gastric region ; the current ehonld 
be strong enough to produce vigorous contractions of the abdominal 
muscles. lu galvanic applications, the Au is placed upon the back, the 
Ca labile over the stomach, for three to eight minutes daily. It seems 
particularly useful to bold the sittings immediately after the stomach has 
been pumped out 

You will rarely find occasion for the internal application of oa elec- 
trode by means of a suitable <eBOphageal soimd. 

The electro-therapeutics of diseases of the intestines also deals chiefly 
with functional nervous disturbances. 

Nervous enter ojxUhy, which occasionally forms a ^'mptom of nervous 
dyspepsia and is manifested in a similar manner, except vrith regard to 
localization, is treate<l in the same way as the latter affection. h» A 
matter of course the current will be applied more to the intestines and 
the hypogastric plexus of the sympathetic. 

By fai- the most important object in these affections is the employment 
of clectricitv for the purpose of stimulating intestinal peristalsis, in all 
possible conditions, varj-ing from atony to complete paralysis of the mus- 
cular coat of the intestines. 

These frequent and annoying conditions constitute very gmtvful 
objects of electrical treatment, but they must be separated into two 
varieties ; 

1. Otxlusion of the itUestities 6y atonic gtaria offircfg. — In tliis condition, 
after previous more or less obstinate constipation, complet* obetrutrtion 
occurs suddenly (from indigestion, distention of tlie stomach, intestinal 
catarrh or the like), with enormous accumulation of fm^s, marked meteor- 
ism, severe pains, and not infrequently with very grave symptoms, which 
may be increased to ileus. It is naturally ditUctdt to differentiate tluft 
form from other varieties of occlusion of the intestines (from iuvagiuation, 
internal strangulation, volvulus, etc.) : the previous constipation, the 
demonstration of large miksses of feces, tlie prolonged absence of fever, 
perhaps previous similar conditions may render the diagnosis easier. 
Moreover, electrical excitation of the intestines in the other forms of 
occlusion would not produce any notable bad effects, and need be omitted 
only when peritonitis Is distinctly developed. Indeed, Curci recommends 
electricity as a differential diagnostic mensuro in occlusion of the intes- 
tines from obscure causes ; if iieprovement does not occur after one or 
two sittings we may assume a mechanical obstruction. 

An entire series of observations have been reported in which, in these 
^Mut^MyM. after catfaortio remedies and procedures bad proven aboolutely 
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tieee and the Rymptoms hod increaBed partly to n threateniu;^ i 
the energetic application of electrical currents was sufBcient to ex( 
teetiiial peristalsis, and produce an evacuation of the bowels and r 

163. ObservtUion by Hofmann. Tf/pMitis slercoraiia ; paralytU of At 
muscular coal of the intestinen ; ileus. — In a woman, aged B«iTentj-two 
years. After protracted conBtipation, inetcorism developed with foul eruc- 
tations, and finally frequent vomiting with a fecal odor. Cathartics and 
enemata uaelesa. Faradization of the intestines (one pole in the rcctniQ. 
the other in the right iliac region) for a quarter of an hour with a strong 
ciurent produced an evacuation from the bowels and recovery. 

164. Observation by Maria Giommi. Obntruclion relieved by /aradiiatim. 
— A farmer, aged fifty-one years. July 22d eufiered from abdominal {us, 
followed by a (ew small stools and then by obstinate constipation. Au- 
gust 8th admitted to hospital ; enormous meteorism, eructation of odor- 
less gas, difficult breathing, dry tongue, etc; resonnnt percussion note. 
Diagnosis of simple atony of the intestinal muscular coat and fHmdization 
recommended, after cathartics, etc., had proven useless. Faradic treat- 
ment, one electrode in the rectum, the other upon the abdomen otct the 
transverse colon ; rigorous current. First sitting of fifteen minutea ; no 
result. Next morning, second sitting of twenty minutes ; slight discharge 
of yellowish masses ; at night after the third sitting, two copious encu- 
tions ; after tlie fourth sitting, further evacuations and then progresiite 
improvement until recovery. Discharged September 2d, 

165. ObserLtUivn by J. Simm. Integtinal obstruction ; colic and ittas; 
rapid recovery under electricity. — A man, aged forty-four years. Suddtah 
seized on June I5tli with vomiting and colic ; no fever. Obstinate consti- 
pation with increase of pain ; gradual development of meteorism, 
and cathartics useless. No hernia or mechanical obstruction « 
strable. Increasing distention of the abdomen, anxiety, complete con- 
stipation, repeated vomil^ing; pulse frequent and thready. Symptoms 
continued to increase and electricity employed on night of June ITUl 
Faradization of abdomen and intestines, alternating with labile galvuue 
currents ; twenty minutes. Vomiting ceased immediately and two fluid 
stooU were passed. A second sitting at the end of three hours, follo*»d 
during the night by twelve stools and copious discbai'ge of gas. Jose 
ISth, continuance of the fluid evacuations ; diminution of all the eymptoiu 
and undisturbed convalescence. 



The majority of authors employ the faradic current in thiB condition, 
but IJMiarton has also applied gidvanism successfully. He introditced e« 
polo into the rectum, placed the other over the eiecal region, and passed i 
current of 14 elements with frequent interruptions for ten minutSB, b 
the faradic treatment one pole Is also introduced into the rectum andllia 
other (Ca) stroked over the entire abdomen, with a very powerful ouno^ 
so that vigorous contractions of the abdominid muscles ensue. Hie dm- 
tion of the sitting is five to twenty minutes. Balloiihey deecHbM i 
mixed method ; at first, percutaneous labile application of the galvnic 
current to the abdomen, the An as ne.tr as possible to the point of oedo- 

a ; then abdomino-rectol faradization in the ordinor}' manner, and b 
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conclusion n similar meUicxi of galTanization (Ca in the rectum) with 
(requeut interruptions ; several repetitioQS of the entire procedure during 
each Bitting. 

The Bittiugs may be repeated two or three times a daj' until relief 
occurs. This ia shown by the diacharge of gaa and of more or teas copi- 
OUB, often enormous CTacuations from the bowela, which occur not infre- 
quently immediately after faradization, but usually after the 'lapse of an 
hour or more. 

I will mention also that Bucquoy has Buccesafully treated invagiutUum 
of the intestines, as it occura commonly in children, with the faradlo 
current ; he advises ita employment before any indommatory complication 
has arisen. Two or three sittings of ten minutes' duration are said to bo 
aufficiont, as a rule, to produce an ovacuattoii and relievo the invaginatioQ. 
Afi a matter of course, other methods of treatment should not be neglected. 

2. Ohronic constipation from alonij nf the inleslinen is an extremely 
frequent condition. It ia observed very generally in all possible nervoua 
affections, in hysteria and hypochondriasis, particularly in neurasthenia 
with or without nervous dyspepsia ; also in almost all chronic spinal affec- 
tions (myehtis, ataxia, etc.), and in certain cerebral diseases, epilepsy, etc.; 
it is especially frequent in women on account of improper habits of life, 
deficient exercise, eto., and not rare iu young gu'ls at the period of 
puberty ; also as a result of clironiu inteBtinol catarrh, hemorrhoids, 
chronic peritonitis ; and finally, an important cause of this condition is 
the wide-spread misuse of purgatives, especially of the stronger draatio 
remedies. 

Electricity is an a<lmirable agent in this condition, and my large ex- 
perience corroborates entirely the favorable reporta funiitihed by Beuedikt, 
Scarpari, Guenther. and others. 

166. Personnt observation. Epilt-pfai : seven connHpation. — A student, 
atijed twenty years. Suffering from epilepsy and from so severe constipa- 
tion tliat he bad not had a passage for yeara, except after admin istraticut 
of active pmngativea After regular faradization of intestines for several 
weeks, evacuations occurred without medicine for several years. 

167. Personal ofincrifrfKin. .Wrwiiis hciulache : hnbitual vonMipaiion. — 
A Rirl. aged nineteen yeara. Suffering from violent nervous headochea 
and liabitual constipation ; was relieved of the latter symptom, is great 
part, by regular fantdization of Uie intestines. At all eventa, the fandlo 
current proved much more effective than all other purgative remedies. 

168. Personal i^isermlion. Ounshot woiiinl nf aM'-nnen aiui qiinc ; oh- 
Minale consUpatinn. — An ofSoer. aged tweaty-aii years. Au^ist 30, 1870, 
reoeived a gunshot wound in abdomeo, entering the right l)}-pochondrium 
anteriorly, emerging on left aide of fourth lumbar vertebnt', followed 
by complete pi^mplegia with paralysis of sphincters ; gradual luipnivement 
during the winter ; the left limb regained power, the right leg remained 
completely paralyzed ; neuralgic pains, insomnia, retention of urine. 
Patient had not had a single spontaneous evacuation during this entir« 
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period, except when diairbcea existed from some cause ; caator-oil ct 
enemaia employed reguliirly. 

June, 1877.~Ofdvamc treatmeDt of paralysis began; caetor-oil gnd- 
uallj lost its effect. 

July 5th, — CoDStipatioD ; then percutaneoue foradizalion of the ioUc- 
tines, followed diu'ing the tiigbt by a profuse evacuation without the lue 
of purgatives. 

July 7th. — Scanty stool ; second faradization. 

July 8th. — Normal stool ; faradization. 

July 9th. — Stool in the morning ; faradization in the afternoon, fol- 
lowed by copious evacuation shortly afterword. 

July 10th. — Faradization in afternoon, followed by etool. 

July 11th. — Stool in the morning ; faradization ; copious ovacustion at 
night. 

July 2 3d. — Patient left for Wildbad; reports, ujion hia return, that 
the evocualious from the bowels were much better, and that purgatircK 
were rarely requireil, although large doses of morphine were administered 
regularly. 

169. PersonaJ <AeerL-ation. Obstinate constipation in consequence of peri- 
loniivt, — A man, aged twentj-three years. During last winter had aerare 
perityphlitis with pericystitis, etc. ; since then has suffered constantly feom 
constipation. No spontaneous evacuations, except when diarrhoea was 
present. 

July 9th. — Began percutaneous faradization of the intestines, and ca- 
thartic pills were discontinued. From the very first day, spontaneous 
passages occurred regularly, with few exceptions, cither in the afternoon, 
soon after faradization, or upon the following morning. Treatment mw 
continued until August 23d ; injections were required occasionally. The 
improvement continued many months, and, at a hiter period, was rendered 
permanent by repetition of similar treatment. 

170. ObseriMtionhy Stein. Habitual conslipalion. — Aglrl, agedeighteen 
years. Began to menstruate four years ago, and since then has suffered 
from obstinate constipation, so that not a single evacuation luis occurred 
without administration of purgatives. Anorexia and mental depression. 
A moderately strong faradic current was passed, for ten minutes, trans- 
vereely through the abdomen. In the beginning, spontaneous evacuattons 
occurred at intervals of two or three days, and after the nineteenth sittjug, 
every day. Recovery was complete after twenty-eight sittings ; since then 
the patient has had a good appetite, blooming appearance, cheerful dis- 
position. 

The electro -therapeutio methods in habituial constipation penoit a 
gradual intensification according to the severity and obstinacy of the case. 

As a rule, I begin with the percutaneous appliuation of the faradic 
current The An (" large " electrode) is placed upon the upper lumbar 
vertebra?, the Ca (" medium" electrode) is slowly passed over the entire 
surface of the abdomen ; in the region of the «ccum the electrode is 
pressed in more deeply and allowed to remain stabile for some time, then 
passed along the colon to the left iliac region, where it is also pressed in 
more deeply, then in a circle around the umbilicus and over the entire 
abdomen. The current should be so strong that vigoi-ous conti'afitioiu of 
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the abdominal muscJea can be pruducetl. But it Becms Bcrviceable to 
Hvoid these contractioaa, since thej' iaterfere with the passage of the cur- 
reut more deeply ; it is therefore better to apply the electrode at a dis- 
tance from the motor points. The duruUoii of the entire sitting should be 
from three to ten minutetL lu additiuu, I sometimes pass a current of 
varying direction, transversely from one hypochoudrium to the other, the 
electrodes being pressed as deeply as possible into the loins. 

To secure more vigorous action I then introduce an electrode into the 
rectum, the other being applied to the abdomen in the manner described 
above. An olive-shaped, metallic electrode, which is initulated to the 
tip, is introduced etx to eight centimetres or more into the rectum ; 
this gives rise to no sensation, or, at the most, to a slight feeling of 
pricking and burning, if the Ca is introduced. It is advisable to change 
the direction of the current several times, in order to allow the Ca, which 
is the more vigorous excitant, to act occasionally upon the rectum. The 
active contractions of the abdominal muscles should be the meoEure of the 
strength of the current; the duration of the sitting varies from three 
to ten minutes. (If the galvanic current ia employed, prolonged closure of 
the circuit should be avoided, iu order to prevent the formation of esobars ; 
repeated cliunges of polarity should be made with a very short period of 
closure of the circuit.) 

If this method proves insufficient, I precede it by an apphcation of the 
galvanic current directly to the abdomen (An on the bock, Ca stabile and 
labile and repeated closures, perhaps alxo changes of polarity), luid also tu 
the region uf the splaucbuio nerves iti the dorsal sympathetic (An in tlie 
small of the bock, Ca stabile and labile on both sides of the spinous pro- 
cesses of the liftli to the twelfth dorsal vertebrjt) ; this application need 
not last more than a few minutes. 

These various methods of treatment, as a rule, ore followed v 
by an improvement of the atony of the intestines and the coustipatioik 
The purgatives, which are still required at the onset, become more effeo^ 
■ve, their dose may soon be dimiuislied, then a B|K>ntnaeoUB ovocuatioa 
occurs occasionally, and the purgatives may be dispensed with gradually 
or reduced to a minimum ; finally, complete recovery may ensue. This is 
usually followed by a very favorable effect upon the dis[>ositiou and gen- 
eral condition of the patient It ia hardly neceesary to state that oertAiit 
forms of habitual constipation resist all electrical treatment. 

I'Tolaftmu atii and paresis of the gpkincter ani may be inentionod as the 
last form of disease belonging to this category. These conditions occur ia 
little children as the reeidt of constipation and weakness, in adulbi, from 
hemorrhoids and obstinate constipation, from violent straining at stool, 
and not infrequently from spinal and peripheral paralyses. Good results 
have been obtained with the electricol current in these affections, especially 
in those forms due to atony of the sphincter, while the prognosis of paral- 
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ysis of the sphincter from diseases of the spinal card naturally depends^ in 
the main, upon the primary afEection. 

The chief indication in treatment is faradization of the rectum by the 
aid of the rectal electrode. In addition the intestines and sphincter ani 
may be stimulated by means of the galvanic current (changes of polarity), 
either with the rectal electrode or percutaneoudy from the sacrum to the 
perineum ; and finally the nerves of the sacral plexus may be stimulated 
in the ordinary manner. 



In conclusion, I will mention that ascites has been repeatedly made the 
subject of electro-therapeutic meas\ires» and not without success. In all 
cases the method consisted of vigorous faradization of the abdominal wbUs 
for ten to fifteen minutes. 

Glax and Sigrist laid special stress upon the frequently repeated stimu- 
lation of the individual motor points of the abdominal musclea The re- 
sults were surprising in the majority of cases. The excretion of urine in- 
ci*eases, the ascites diminishes and may disappear entirely in a short time. 
As a matter of course, however, the duration of recovery depends upon the 
primary disease. 



KIL DISEASES OF THE URINARY AND SEXUAL 
ORGANS. 



LECTURE XXXVI. 

1 o( tbe Bladder. IntroduotiOD. Vcsioal Spasm; Catual and Direct Treat- 
ment — Patalysts of the Bladder; Variooa Forma; Fathogenesu ; Causal aod 
Direct Treottni^llt ; Pemntaiieoua and Internal Applioatloaa ; OaliaiiiiaCioD of the 
LumbBTCoid— NootamalEDaresia: Its Nature; Methods of Treatmeal — IMmbsm 
of the Mole Sexual Orgaas : Inflammatioa atid Hypertrophy of the Proitate ; 
OrohitJB— FuQctional Disorden: Impotanoe; PoUationa; 8pcnna:o[Thaea; Aoper- 
matiiEQ ; Pathogenesis ; Causal and Direct TreatineDt — Dtseases of the Femalo 
I Sexoal Organs— Introduction— Oyftriati HnKncatheaia — Distnibtmcoa of Hetutraa- 

^^^p tion : Amenorrbtea ; Djsmenorrhoea : Menorrhagia — Chronic Hetritia — Cban^a 
^^^h in the Position of tbe tJtems — Deficient Secretion of Hllk — Coacluding Ilemarlo — 
^^^H Contra JTidications to the Emplojnnent of EJectriait; — Condition of Iha Circnlntorjr 
^^^V Organs and Mode of ReacUoa of the Nervous Sjrstom. 

^^^k In concluaion, we will enter upon a wide and Taried field, viz. : disturb- 
^^Hb)c«b of the urinary- and soiiud organs. These are extremely frequent in 
B great number of diseases (not merely those of a nervous ori^aa), itiid not 
uncommoDly ore of great importance with rcgnnl to the course of the dis- 
ease as well OS of the general vital conditions of the iadividual. The most 
important organ in this connection is the blndder. Disttirbonces of the 
functioDB of this viscus ore Teri,- common, partly as setiuehe and symptoma 
of nervous diseases, both of poripLeiid afibotiona (in th^ cauda equina or 
the pehic plexus, the vesical nervea, etc. ) and particularly of spinal, more 
rarely of cerebral diseases ; in part they occur isolated, an the result of 
cold, abnormal distention, or inflammation of the organ, partly aa the re- 
sult of reflex irritution or toxic agents which irritata the vesical nincoua 
membrane, or act by paralyzing or stimulating the muscuhir coat of the 
organ. The ciroumstaucea under which vesical disturlKutcea occur may 
accordingly vary greatly ; sometimes they are isolated, more frequentlj 
they are port symptoms of a oomplioated cliBical bistoiy, not infrequently 
they precede for a loog time, as an isolated initial phenomenon, tbe aymp- 

Kt-nnis of a central affection (locomotor ataxia, myelitis, and the like), 
mectricol treatment may come into question in almost all these fonMB 
discaM, especially in those which are not associated with gross inflant- J 
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matory or neoplastic affections of tlie bladder, iiod vbioh ore not due to 
mechanical injury from leaione of the adjacent organs (prostata, rectum, 
uterus, ovaries, etc.). 

Thia ia leas tjue of ao-called tpasm of the bladder, or laiesmuM vetiar, 
wliich may occur in the form of a spasm of tlie detrusor (spasmodic incOD- 
tineuce), or as a spasm of tlie sphincter [spasmodic retention of urine, spat- 
tic ischuria). We then endeavor to attain our object, as a rule, by oUier 
means, especially if we have to deal with an inflammatory affection of the 
bladder itself. But there are also purely nervous forma of vesical spasm 
which may fall entirely in tlie domain of electro-therapeutica. We must 
first look, therefore, for the cause of the abnormal irritation and remove 
this. In this cuDoectiou a disease within the spinal canal and In the cord 
itself must be thought of and, if present, treated in the proper manner. 
This may be done by stabile galvanic currents through the lumbar conl 
and the lowerpart of the spine or by the stabile application of the An apon 
the supposed site of disease ; or, by means of vigorous stimulation of 
the skin, a counter-irritation may be produced which will remove tiie 
spasm-produciug irritant, aa in the treatment of neuralgia ; the latter ob- 
ject is effected by the apphcatioa of the faradic brush to the integument 
over the symphysis, perineum, sacrum, etc 

I>irect treatment of vesical spasm depends upon the some principles as 
the treatment of spasm in general, viz., stabile upphcutiou of the galvanic 
current (gradually increased auJ diminished), with predominant action of 
the An upon the site of the morbid irritation — a requii'ement Vfhich is not 
readily fulfilled in treating the bladder. It is best to press one electrode 
deeply above the syiopbyais, the other (An) directly opposite upon the 
sacrum or upon the perineum. The same points of applicatioD ahonld 
also be chosen in the employment of the faradic current 

I do not think that the urethral or rectal electrode is indicated in vesi- 
cal spasm, as the condition of irritation is readily increased by their ose, 
and there is danger of the formation of eschars from application of the 
galvanic current in this manner. 

But the true field of electro- therapeutics in vesical affectioaa ia iMat- 
negs and parui'jsis of the bladder. This frequent and important Bymptom 
may vary from the slightest indication to the most severe form ; at times 
it is reheved rapidly, at times it is incurable and leads to the gravest dan- 
gers. It plays a particularly important part in spinal affections (atmifl, 
compression, hemorrhage, myehtis, sclerosis, etc.) ; also in the most varied 
peripheral nerve lesions, which affect the vesical nerves within the cauda 
equina or in the sacral plexus or its branches. Thia symptom is mnch 
rarer in cerebral diseases, so much the more common in hysteria. Finfllly, 
paralysis of the bladder may occur isolated, with or without a demonstrable 
cause (cold, injury, concussion, distention, opium poisoning, etc). 

Paralysis of the bhidder may occur in various ways ; if it aSeots ei^atij I 
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the detniBor, tlie pli«nomena of retention of urine itre presented i if it af- 
fects mainly tlie sphincter, incontinence of urine is produced. Not iiifre- 
qnently both porta of the muscular structure of the orgtui are paralyzed at 
the same time— the patients cannot retain the urine, nor can they dis- 
charge it voluntarily. In such au event, either an oocasioiial complete 
and regular, but involuntary evacuation of the bladder occurs (if the ro- 
flex apparatus in the lumbar cord Is unimpaired), or there is a constant 
dribbling, though the bladder may be dilated at the same time by the ei- 
cesBive stasis of urine. It would lead ua too far to enter into all the de- 
tails coucerniiig the innervation of the bladder and the varioua poasibilitiea 
of its disturbance iu different parts (in tlie muscular coat, the peripheral 
nerves, the lumbar cord with its centies of micturition ; or, above them, 
iu the sen!M>t:y oud motor tracts for the iauervation uf the organ, which 
pass to the brain). 

But it ia indispensable to rational electrical treatment that an attempt 
be made to aacertuin iu each individual case the character and tocalixation 
of the disturbance, the manner in which it was produced, and particularly 
the exact site of the paralysing affection in the nervous system. 

Upon these features depends the method of electrical treatment. 
Your atteotiou should be directed first to Uie primary disease and its ap- 
propriate electrical treatment instituted. I need odd nothing here to my 
previoua remarks concerning the treatmeut of diseases of the spinal cord, 
peripheral nerve affections, hysteria, etc. Nor do I wish you to beliers 
that I regard electrical treatment as the sole remedy for these primaij 
diseases ; on the coutrary, I know that much is effected by other mea^ 
ures, indeed often more than by electro-tberapeutica 

In addition to this causal treatment and in the not infrequent coses ia 
which this te impracticable, direct treatment of the vesical paralysia maat 
also be employed. It may be effected in various ways — percut&neoudy. 
with moist electrodes, or internally, by means of a catheter, with the fora- 
dic or galvanic current 

In the percutaneouB method, one pole (as a nde, the An) is applied to 
the region of the lumbar enUrgement upon the lower dorsal aud upper 
lumbar vertebra;, tlie other (Ca) upon the region of the bladder. If reten- 
tion is most prominent, the electrode is pressed in aa deeply as [xtasible 
immediately above the symphysis ; -if iucoutiueuce constitutes the main 
feature, it ia applied to the perineum as close as possible to the sphincter. 
If both parts of the muacular structure are affected, either both applica- 
tions may be made, or one pole ia placed above the symphyws and the 
other upon tlie perineum. The galvanic current may be applied, stabile 
and labile, for a few minutes to these situationa, and several interruptions 
and changes of polarity maile. The current should be of such a etr^ngth 
that Ca CI produces vigorous contractions of the abdominal musclea when 
Applied to their motor points. 
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In Uie iaterual method, the An is applied in a Bimilar manner to Ute 
lambar region ; a catheter- shaped electrode, insulated as far aa ita metallic 
tip, is introduced into the urethra—as far as the neck of the bladder in 
incontinence, in order to stimulate the sphincter directiy, and into tbg 
bladder itself (either full of urine or inject«d with lukewano salt waterl 
in case of retentioii. As a midter of course, care must be taken to diain* 
feet the catheter-electrode. With the galvanic current, brief Ca closuits 
or a few changes of polarity with a very short period of closure may alone 
be made in order to avoid eachars ; it is best to rebate the strength of 
the cunent with the galvanometer. The faradie current may be quite 
strong, as the bladder is not at all sensitive, and the urethra very slightly 
80 in its deeper parts. The stren^h of the faiwlic current may be 
measured also by the fact that, upon faradization of the sphincter, the lat- 
ter contracts at each closure of the current, and thus raoces the catheter 
BOmewhat anteriorly out of the urethra. In faradization of the detrosor, 
it is serviceable to direct the current to aU parts of the walla of the blad- 
der, the An being placed upon the abdomen to the right and left, and 
above the bladder, and also on the perineum ; the muscular contractioDs 
produced furnish a satisfactory measure of the strength of the ctureut. 
In internal applications the sitting should not he very prolonged. 

Finally, an application may be made within the rectum ; the An {an 
olive-abaped metallic electrode) is introduced into the rectum to the 
proper height, the Ca opphed above the sjmphyma, and the galvanic or 
bradio current passed in the same manner as described above. 

In all obstiniite cases of paralysis of the bladder I add usually a direi't 
and rigorous galvanization of the lumbar cord, in order to stimulate di- 
rectly the centres for the innervation of the organ. According to eironni- 
stances, I associate with this a vigorous labile cathodal application from 
the Cauda equina to the coccyx and perineum, or an application to the 
entire spinal cord as high as the cervical vertebrte. 

The results of treatment vary greatly in indiridual caaea : they are 
usually very slight in transverse myelitis, compression, hemorrhAge, etc., 
very much better in ataxia, in which electrical treatment often aecnres 
excellent paUiative effects ; very favorable, even brilliant, in hysterical 
forms and also in cerebral paralysis of the bladder, and lilcewise in certain 
toxic forms or in paralysis from unknown causes. 

Noclunial enuresis is a special form of weakness of the bladder, wliicji 
constitutes an extremely grateful object of electro-therapeutics. Tiua 
condition seema to me to be due, in the large majority of cosob, lo the 
disproportion existing between the profoundnesB of the sleep and the 
atrengt.h of the sensory irritation occasioned by the full bladder. At all 
events this holds true of all coses in which no disorder of micturition 
occurs during the day. But it is not always easy to determine what part 
should be attributed, in the individual case, to the abnornially deepaJMtv | 
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and whnt to the diminisbed senaorj- irritaliUity of the bladder and the 
neck of the or^rao. Cnses undoubtedly- occur in wliicli the mere ]>rofonnd- 
neea of the sleep is the cnuee of die annoying afifection ; in others there 
appears to be a dulnesa of the aeneory excitability uf the bladder. But it 
.iDay also be attribut«d, perhaps, to an increased eicitabiHtv of the Yeoi- 
KaU centres in the lumbar cord, which leada to on uncontrullable retlex 
encuatioD of the bladder upon a slighter peripheral stimulus than nor- 
roaL Finally, n certain weakness of the aphiui.-ter vesicte mast bo assumed 
in those cases in which more or less marked incontinence is present dur- 
ing the day. The site of the disturbance, accordingly, may be sought for 
in various localities —peripherally, in the lumbar cord, higher up in the 
si>inal cord, perhaps even in the brain. As all other evidences of a groes 
lesion are absent, we most aaaume a functional disturbance of these tracts, 
probably dependent iu many coses upon a neuropathic disposition. 

The treatment must be dir«cted mainly to the bladder, preferably ae- 
conling to Ueetigmneller's method. He introduces a metaUic wire about 
one centimetre long into the entrance of the urethra, connects it with the 
Ca of the secondary faradic current and applies the An as the sponge elec- 
trotle over the symphysis ; n current which can Im felt distinctly should be 
passed for severnl minutes. The results are illuatruted by the foUowing 



descr 
^^h 



17L Observation by Seeligntueller. Nocturnal (and diumal) enurrgit. — 
A woman, aged twenty-two years. Sufiered since earliest childhood from 
incontiuenco of tu-ine by day and night ; all possible measures proved use- 
less. Occasional remissions, varying from one to several months in dura- 
tion, during which the nocturnal enuresis disappeared but the patient 
was extremely inconvenienced by the affection during the day. During 
the lust six months, the patient was awakenetl regulaily two or three 
tiama during the night, and notwithstanding this precaution enuresis 
sometimes occurred. Very serious effects of the disorder upon the gen- 
eral condition, preventing the enjoyment of Ufe, producing emaciation, 
hectic appearance, depressed mental condition. The faradic treatment, 
described above, instituted for live minutes; immediate improvement 
tter first Bittiog ; only urinnt«d twice during the day, not at all at night 
Formal condition after the third sitting. After eighth sitting, patient 
'^Bflcharged cured ; recovery permanent : general condilion excellent, 

I apply usually the .\n to llio lumbar cord, the ('u at first above tho 
symphysis, then upon the jierineum, with a tolerably strong current for 
one to two minutes ; at the close, nwire tlectrodu is introduced about two 
centimetres into the urethra— in girls I afiply a " small " sponge electrode 
between the litbia close to the meatus urethne—and the faradic current 
passed for one to two minutes with such a strength lliat a distinct, some* 
what pniuful sensation is produced. 

In more obstinate cases I pass the urethral electrode ns far as the n«ck 
of the bladder, or, iu addition, I employ (he electrical current in tlu man- 
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ner described above ; at all events, galvanic applications always are made 
to the lumbar cord, and perhaps to the entire cord as far as the cervical 
spine. 

The results of electrical treatment are usually excellent, especially in 
older children or in adidts ; improvement occurs after one or more sit- 
tings, recovery, as a rule, in a short period. However, protracted treat- 
ment is necessary sometimes, and I vvill not conceal the fact that electrical 
applications may prove entirely useless. 

Among the diseases of the male sexual organs^ the functional disturb- 
ances are particularly adapted to electrical treatment 

The statements made by Charon and Moreau-Wolf concerning their 
results from the galvanic treatment of inflammation^ swelling and hyper- 
trophy of the prostate are not very credible, and have not been substanti- 
ated by others. These authors introduced a metallic electrode into the 
rectum, pressed it against the prostate (usually the Ca, the An only when 
marked tenderness was present) and applied the other electrode to the 
perineum. Currents of moderate strength, of five to ten minutes' dura- 
tion ; eighteen to twenty sittings altogether. The results were described 
as remarkably favorable, and the procedure as much more efifective than 
other surgical and medical measures. 

These authors state also that similar results were achieved in blenor- 
rhoic and traumatic orchitis. The method consists of the stabile passage 
of a strong galvanic current through the enlarged organ (for six to eight 
minutes) ; then a stabile current from the most painful part of the swel- 
ling to the seminal duct (four to six minutes), and finally an ascending 
current along the seminal duct. Tliis application is said to be followed 
forthwith by relief and recovery, and the latter is complete after a few 
sittings. These statements also require confirmation. I have mentioned 
them in order to attract the attention of those who employ electricity in 
this branch of medicine. 

Atrophy and flaccidity of the testicles which accompany many functional 
disorders and are due usually to onanism and sexual excesses, have also 
been treated by electricity and not without success. The method consists 
of the passage of moderately strong faradic or galvanic currents through 
the testicles for a few minutes, perhaps also galvanization of the seminal 
duct. 

The most important field for the electro-therapeutist is afforded by the 
frequent functional anorajJies, which are manifested by various grades of 
impotence, pollutions, spermatorrhoea, and aspermatism. I cannot enter 
in detail into the pathology of these affections, but will mention that they 
are due in part to gross anatomical changes, to the sequelas of inflamma- 
tions of the urethra, testicle, and epididymis, seminal duct, prostate gland, 
perhaps to new growths, etc. As a rule very little can be effected by elec- 
tricity in such cases. 
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Aiiother piirt of the cases must lie attributed to serioaBorgaoic 
of Uje peripheral or central nervous system ; here the disturbances of the 
sexual function, pollutions, impotence, sperm atorrhcea, priapism, aro 
merely the symptomB of a beginning locomotor ataxia, chronic myelitis, 
or compression of the spinal cord, or perhaps of a severe lesion 
nerves of the cauda equiuo, etc. It is well known that some diseases 
the spinal cord often dimiDish or nbohsh the sexual function at on eodj 
period (eupecially in ataxia, transverse myelitis, compressiou, chronic meu- 
iugitie), while it remains entirely intact in others (in the forms of poUo- 
rayelitis, spastic spinal pamtysis, etc.). In the former, electrical treatment 
may be employed occasionally in order to act directly upon the disordered 
sexual function as a symptomatic remedy, or to relieve the debility which 
may have persisted after the recovery of the pi-imary aflection. However, 
tlie possibility of recovery or improvement always depends mainly upon 
the primary disease, and, as Benedikt has rightly remarked, it is not al- 
ways a benefit to the patient to have this function restored at on early 
period, for an ataxic patient may suffer much injury from irritation of the 
spiual cord duo to sexual intercourse. 

A third group includes those cases of disordered sexual function in 
which these are either isolated, due to local morbific influences, ordinarily 
to fuQctionnt over-stimulation, and thus form the chief object of compltunt ; 
or they occur merely as a symptom of a general functional neurosis, ueur- 
aathenia, spiuol irritation, hj-pocbondriasis, or the like, or they do'elop 
upon tlie basis of a neumpathic disposition, of a general nervous weakness 
•ad irritability, perhaps upon the addition of other very slight injuries 
(•exual excesses, inflammation, and conditions of irritation or flaccidity in 
-tiie urethra or region of the ejoculatory ducts). These are by far the most 
iraquent forms and those in which electrical treatment is Bi)e'!tally indi- 
cated. They constitute generally the various stages of " irritable weak- 
ness *■ of the sexual function and lead to diminished pot«ncy. premature 
ejaculations, imperfect erection, abnormally frequent nocturnal pollutions, 
finally to daily pollutions and s]>erniatorrh(Ba. These conditions are aa- 
companied, as a rule, by a host of other nervous syniptoms, by manifesta- 
tions of Deiiraathcnia and ])&rticului*ly by marked hypochondriauid depre*- 
siou. 

In addition, cases occur which do not belong to any of these groups, 
in which, for example, absolute impotence or abnormal pollutions or 
aspermatism aro observed in otherwise healthy uion, with a pure previous 
history and without any signs of disease of the genitals or nervous sys- 
tem ; and finally certain of these disorders may bo due to diabetes, lead 
poisoning, alcoholism, and the like. 

All these manifold conditions have been treated more or less success- 
fully by various obseners with electricity. 

The method of treatment depends, as a matter of course, upon the 
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primnrf disease, and in many cases this is the essential feature. I rtter 
yon accordingly to uy previous remarks upon the treatment of diseases of 
the brain and epinal cord, still more of neurasthenia and allied conditions. 

As a rule, however, the majority of cases also I'equire direct electrical 
treatment of the genitals, and this may constitute the main feature ol 
treatment if the sexual disorder is the sole or predominant symptom. 

In the large majority of cases we must stimulate and invigorate the 
nervous functions, relieve paretic conditioDS of the lumbar cord and the 
genital nerves ; in much rarer instances, conditions of abnormal irritation 
must be relieved. 

As a. general thing the galvanic current is preferable. The following 
is the method which I consider most serviceable: the An (" larpe " elec- 
trode) ia placed upon the lumbar cord, the Ca ("medium" electrode) 
stabile and labile along the seminal canal from the inguinnl ring down- 
ward, for one to two minutes on each side ; the current should be tolera- 
bly strong, 80 that a distinct burning sensation is produced in the iiit«gn- 
meut Then follows vigorous labile application of the Ca (about a minnief 
to the upper and lower surfaces of the penis as far as the glass ; finRlly 
the Ca may be applied labile and stabile upon the perineum as far forward 
us the root of tbe penis (one to two minutes) ; a few interruptions or 
cliauges of polarity may be made in order to secure more active stimols- 
tion. If the jienis, especially the glans, is antesthetic, the Ca taay be ap- 
plied in this position for a longer period. If the testicles are atrophic, 
flaccid, and the scrotum cool, tbe current may be passed directly through 
them. 

This method of application is suitable especially in impotence ; if pol- 
lutions or spermatorrhoea are present, the irritant procedures should be 
avoided, and stabile currents should be employed lu great part, perhaps 
also tbe An upon the perineum. If there is reason to believe that tbe sper- 
matorrhoea ia produced or maintained by conditions of irritation or flacdd- 
ity in the region of the ejaculatory ducts, these parts diould be treated 
directly by means of the urethral electrode ; this is introduced as far as 
the prostatic portion, the An being employed in conditions of irritation, 
the Ca in conditions of flaccidity ; the current should be moderately 
strong, but of very short duration. 

The faradic treatment of impotence and sperm atorrhfea is not esclmled 
by any means ; the electrodes may be applied in the same manner as iu 
galvanic applications, and moderate currents should be employed. Fara- 
dization of the testicles has been recommended also in poor nutrition and 
slight turgescence of these organs ; Gtnenther states that he has employed 
it successfully in azoospermia. In anarstbesia of the integument or strik- 
ing coldness of the penis, flaccidity of the scrotum, etc,, tlie faradic brush 
may be applied to the genitals to advantage (also to the perineum and 
tbe anal region, from which vigorous refles contractions of tJie scrotum 
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.ma; be Mcured). Moobiiis suf;ge8ts the application of an electrode 
withia the rectum, in order to come in closer proximity to the ejaculatory 
ducts and the prostate glaud ; the other eleetrotle ia applied to the jieri- 
ueutn, and the (aradic current passed for two or three minutes ; in conclu- 
sion, a short galvanic apphcation ia made, the Ca in the rectum, Uie An 
upon the sacrum. 

In severe or obstinate cases I never omit regular galvanic treatment of 
the Inmbar portion of the Bpiual cord, which contains the most important 
centres of the genital function. In cases of suppoHed auntomicJil lesions, 
I odd the galvanic treatment of the eauda equina, ihe applications being 
estended generally to the cervicid cord, especially in patients in whom we 
Buspect a general weakness of the entire genital nervous system. 

Hie treatment must be continued for a long time, at least six to eight 
weeks {daily sittings), and often much longer. It may be combined profit- 
ably witli other measures of treatment. 

The results which I obtained by these methods were of1«ii very satin 
factory, particularly in the purely functional forms. But I have met also 
with cases which presented apparently a good prognosis, yet resisted elec- 
trical treatment entirely. It is well, therefore, not to promiAe too much — 
apart from those cases in which we have to deal with a sort of pxychical 
impotence. 



Many indi\idual observations and » few more estensive works Imve 
been published concerning the electricA] treatment of din^ftgeK of the ffiiiah 
nexual orijan». I have had no personal experience in tins lidd, and must 
confine myself, therefore, to a brief reference to the most important obser- 
vations which have been published. 

An entire series of obserrations have been made upon tbe electrical 
treatment of disturbed menstniation (llockwell, Baker, Althaus, Taylor. 
Fieber, Good. Dixon )[aun). 

The electrical current oft«n proilucea very striking beneficial effects in 
aine}V>rrhi}-a, whether it persists for a long time at tlie perio<l of puherty. 
or has developed at a later periot:! from other causca It has been often 
observed accidentally by electro-therapeutista, that during electrical traat- 
meut. eapeciaJly galvanization of tbe back and legs r>r genend faradizntiDn, 
tho nienseo became more profuse or ap{)eare(l prematurely. 

Tlio direct ctectriojil treatment of amtmorrhrpa may lie canicd out in 
tbe following ways : 

With tlie farodic current, the apphcation of the brush to the soles of 
the feet or tlte inner surges of the tliighs. or the jmsactge nf the current 
from the neck to the ut«nM. In addition to gTiIvonic treatment, IKxon 
Jlonn also employs direct fomdizHtion from the loins to the cervix ut«ri at 
the time of the expected meoati-uation. 
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The majority of obseners, however, have preferred the galranic cur- 
rent. The following methods may be adopted : galvauization of the cer- 
vical sympathetic (Fieber, Good) ; in addition, golvanizatioD of the eptue, 
esjiecially its lowermost parts (Clemena, Good) ; also gal\-aBi2atioa from 
the lumbar region (An) to the ovaries (Good, Althaus), and finally intn- 
uterine galvanization (Dixon Alann, Althaua), either by the introductioD 
of tlie Ca into the uterua, the An being applied to the lumbar cord or the 
ovaries, or by the application of the An to the oh uteri and the Ca upon 
both ovaries in aucceasion. The uterine electrode may be a catfaeteiv 
shaped iustrument or a small sponge electrode or a small flat cervix elec- 
trode. The current should be moderately strong, two to three sittings r 
week, each ten to fifteen minutes in duration. The results are said to be 
often surprising. 

I have mentioned previously that electrical currents may prove snccesB- 
fid in dysmenorrhtea. I will remind you of the obsen'aUons made by 
Neft«l in such conditions, and which were regarded by Iiim as visceral 
neuralgias (Lecture XXVl., page 258). In such cases of painful spas- 
raodic menstruation, you may try Neftel's method first (An upon the dor- 
sal and lumbar vertebrte, Ca upon the hypogastrium, ovaries, etc.) ; also 
the following methods : acciirding to Schwanda, alternating foradic and 
galvanic treatment of the uterus ; or, according to Taylor, the application 
of feeble continuous galvanic currents, the An upon the small of the back. 
the Ca in the form of a suitable metallic staff in the os uteri. Probably 
the beat method is that of Dixon Mann, viz., the An in the uterus (uter- 
ine electrode), the Ca upon the lumbar spine stabile for ten minute% three 
times a week during the inter-menqtrual period. 

R was to be expected d prion tliat vienorrkagia (and metrorrhagia in 
the broader sense) could be influenced favorably, under certain cii-cum- 
stances, by the electrical current, particularly on account of its vigorous 
stimnliiting action upon uterine contractions. Indeed, favorable results in 
this affection have been reported by various authors. Thus, Mackintosh 
observed cessation of a rioleut hemorrhage, after the deUvery of the child, 
from the application of the faradic current to the cenix uteri and abdomen 
and the consequent production of uterine contractions. Dixon Mann has 
cured the affection by galvanization of the uterus (Ca in the uterus. An 
upon the loins, twice a week for fifteen minutes, with a tolerably stroog 
current) in the intervals between the menstrual periods. 



Among the changes in the uterus itself, chronic metritis particuliirly 
has been the subject of electi-o- therapeutic experimenta. Beau and Tripier 
employ the faradic current The former jijiplies a moist sponge electrode 



SPECIAL ELECTBO-THEBAPEunoe. 355 

lie OS uteri, the other electrode to the abdomen ; Tripier iatroduces 
one electrode into the uterus, the other (which is bifurcated) into the 
rectum and upon the anterior abdominal wall, or he f»ituli^e» |>ercula- 
neoualy (iu virgiue) from the ubilomen to the sacrum. Bortholow apphed 
the galvanic current, the An (per speculum) upon the os uteri, the Ca 
upon the hypogastrium, two to three times a week, stabile for five to ten 
minutes. Dixon Mann introduces into the utenis the Ca of a lulerab^ 
strong current, and places the An upon the lumbar region ; a few inter- 
ruptions of the current at the close. 

Ifiifplacenetil}* of the uterus have also been treated hy the electrical 
current. Such treatment is not devoid of promise in those cases iu which 
they are due in the main to rcluiatiou of the walls of the uterus ; In laaitj 
other oases there is verir little hope of reUef from such measures. 

Even Simpson had recommended a sort of electrical intrauterine 
pessary in displacements of the uterus as well aa in chronic metritis ; 
favorable results from electrical treatment of versions and flexions have 
been since reported bv yarious observers. While Bartholow employed 
tlie galvanic current exclusively, E. Mann used galvanism and faroilisn) 
alternately ; the majority of writers, however, applied the faradic cturent 
alone, in order to pi'oduce vigorous contractions of the uterus and thus 
roheve the change of position. As a rule, Iho current was passed from 
the OS uteri to the abdominal waUs. Zanniui introduces one cleotrotlo 
into the rectum, the other into the uterus, and faradizes for five or six 
minutes with a current of gradually increasing strength. 

Tripier baa developed these methods most elaborately ; in anterior 
vernons and flesiotis he faradizes the posterior surface of the uterus with 
a suitable electrode, which is placed in the rectum ; in similar posterior 
displacements the anterior surface of the uterus is farsdized from the 
bladder or abdomen; in boUi cases a (uegative) electrode is introduced 
into the uterus. In prolapsus uteri, he states that good results have been 
observed from " bi-inguino-aterino " or " hi- in guino- vaginal " faradi- 
xatiou. 

I will refer also to the attempts which have been made to stimulato 
the insuflicient secretion of mJlk by means of electrical currents. That 
this has been effected in a aeries of oases is evident from Uie observations 
of Aubert, Bec<]uerel, lArdenr, and Estachy. Various methoils of npplioJ^ 
Uon are {Miasible, but the majority of authors have apphed the current di- 
rectly, by means of moist electrodes, to various parts of the brensta ; the 
current should be moderately strong. The secretioa of milk has re- 
tomod as a rule after two or three sittings of ten to twenty minutes' 
duration. Static electricity lias also been recommended as very serrloe- 
able. 

In conclusion, i>ermit me to make a few brief remarks which are 
L perhaps of practical interest and to which there was no prerious oppor> 
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ttmit; of referring. It has probably Btnick jou tbat during our rutitt 
presontatioQ of the subject the contra-iudicationfi to the use of eiectridt; 
have not been considered is detuiL But if you examine somewbut more 
closely into our conception of contra-indications with reference to the or- 
dinaiy medicinal remedies, you will acknowledge that there can be scnrcely 
any question of their existence with regard to a remedy which, like elec- 
tricity, is capable of such an extraordinarily minute gradation and such a 
minimum dosage ; which may produce the most varied, even antogouistic 
effects, here stimulating, there sedative, now tonic, agnin alterative in its 
action. And indeed, after a careful consideration of the subject, I must 
admit that I cannot present an absolute contra-indication ; at the most, 
iMa may be presented not infrequently in the individual case, and then 
merely witli regard to one or another form of application, rarely with 
regard to electricity in general. 

In this respect, the condition of the circulation and blood vessels Bee 
to me to demand the chief consideration. One of the most strikinf; 
effects of electricity is dilatation of tlie blood-ressels and increased flow of 
blood. The emploj-ment of electricity, at least the application of those 
niethoda which increase the flow of blood, is contra-indicated therefore a 
all cases iu wliich increased blood-pressure or hypenemia may entail 
danger on the patient It ahtmld be avoided accordingly iu acute in- 
flammatory conditions, and especial caution must be employed in its sp- 
pticatiou to individuals with sclerotic or atheromatous vessels, miliary 
aneurisms, hypertrophy of the heart, etc. 

In the next place, the ooudition of the nervous system in general, its 
greater or less irritability, ibe manner of its reaction to the electrical 
Btimuhts, may bo decisive with regard to the question of the applicability 
of electrical treatment. There are individuals who exjjcrienc*. in the 
good as well as the bod sense, a striking effect from electrical current*, 
while others are influenced thereby to a very slight extent. Nervous, 
neurasthenic, hysterical individuals often present on extremely high grade 
of " Busceptibility," so tbat very feeble currents increase their eufleringB. 
An a matter of course, this condition constitutes a coutra-indicntion to the 
employment of electricity, while the milder grades of susceptibility 
merely afford grounds for extreme caution in the selection of the strength 
of the current ; it is found not infretjuentlj that such individuals become 
tolerant to electricity after prolonged treatment. In many cases, indeed, 
this very susceptibility of the patient ia a not unfavorable prognostic 
factor with reference to the effects of electrical treatment. 

r have now finished, and believe that I have given you a tolenihly coin- 
plote picture of the present status of electro-therapeutics in internal medi- 
cine. I nni well aware that many gaps have been left, that there are mg 
additional details which might have been communicated, and particularly 
that there is much which required more careful investigation before it » 
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made the basis for practical work. I hope that these gaps have not 
escaped your notice. And I trust that the subject has been presented in a 
clear light, and that^ so far as lay in my power, at least, the way has been 
pointed out which should be followed among the confusing multiplicity 
of practical conditions. Although I have laid down clearly the principles 
and scientific basis of the practical manipulations which must be modified 
in so many ways, it has also been my object to unfold to you the scanty 
and uncertain condition of our actual knowledge in this field. 
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Abdominal moRdes, paralyfeis of, 308 
Acoustic nerve, law of contmotion of, 48 
simple galvanic hypenestbesia of, 00 
galvanic hypenesthesia of, with anom- 
aly of normal formula, 99 
paradox reaction of, 97 
anomaly of reaction of, without hy- 

perasstbesia, 100 
torpor of. 101 
Active electrode, 59 
Acute anterior poliomyelitis, 175 
Acute ascending paralyidH, 179 
Acute inflammation of joints, 329 
Ageusia, 324 

Amblyopia and amaurosis without anato- 
mical lesion, •314 
cases: cerebral scotoma, 314; con- 
vergent strabismus, marked amblyo- 
pia of one eye, 814 ; traumitic an- 
aesthesia of retina, 314 
Amenorrhoca, 353 
Amyotrophic lateral sclerosis, 179 
An&Mthesia, 273 
etiology, 273 

electrical examination, 274 
treatment, 270 

cases : anaesthesia of trigeminus, 275 ; 
traumatic anicsthesia and paralysis 
of ulnar and median nerves, 275 ; 
anaisthesia of ulnar nerve, 275 ; le- 
sion of right cerebral hemisphere, 
left hemianassthesia, 275 ; right cere- 
bral hemiano^sthesia, 270 ; right hys- 
terical homianossthesia, 270 
Amusthesia of trigeminus, 278 
of pharynx and larynx, 278 
vasomotor, 278 



AnieHthexia, hysterical, 279 

ataxic, 279 
Angio-neuroses, cutaneous, 282 
Angio-paralysis, cutaneous, .^83 
Angio-spasm, cutaneous, 283 
Anelectrotonus, 42 
Angina pectoris, 254 

methods of treatment, 255 

oases ; idiopathic angina pectoris, 255 ; 
angina peotoris, 250 
Anidrosi^, 280 
Ankylosis, 332 
Anode, 4 

Anodal action, 109 
Anosmia, 325 
Aphonia, hysterical, 294 
Apophyseal point of Trousseau, 230 
Arthritis deformnns, 331 
Articular neuroses, 252 
Artificial respiration, 224 
Ascites, 344 
Asthma, nervous, 833 
Asphyxia, 224 
Athetosis, 302 
Atony of vocal cords, 224 
Atrophy of optic nerve, 310 

primary, 812 

genuine, 313 



Ba8F.dow*8 disease, 303 
, Bladder, spasm of, 340 

weakness and paralysis of, 340 

etiology of, 847 

treatment of, 847 
Blepharospasm. 2T0 
Brain, effects of electricity upon, 53 
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Brain, direct treatment of, 148 

indirect treatment of, 150 

symptomatic treatment of, 151 

electro-diag^oBis of, 151 

diseases of, action of electricity in, 
138 

cases: cerebral neurasthenia, 189 ; 
emotional neiu^osis, hemiparesis of 
right side, 139 ; insomnia, mental 
depression, 139; hypera9mia of the 
brain ( ? ), cerebral neurasthenia, 
140 ; right hemiplegia (from cere- 
bral hemorrhage ?), 140 ; cerebral 
hemiplegia, sudden considerable im- 
provement of the paralysis, 141 ; 
right hemiplegia, sudden improve- 
ment, 141 ; right hemiplegia and 
aphasia (from embolism ?), 141 ; 
hemiplegia, probably from hemor- 
rhage, 142; monoplegia of right 
arm with complete ansBsthesia (prob- 
ably from hemorrhage), 142 ; left 
hemiplegia (from hemorrhage ?), 
143 ; monoplegia of right arm (from 
embolism?), 143; right hemipare- 
sis (anatomical diagnosis uncertain), 
143 ; tremor of head, attacks of 
vertigo (incipient multiple sclero- 
sis ?), 143 ; left hemiplegia after 
acute encephalitis, 144 ; paralysis of 
numerous bulbar nerves, 144 ; bul- 
bar symptom-complex (Erb), 145 

Cardialgia, 256 
Catalepsy, 301 
Cataract, 308 
Catalysis, direct, 107 

indirect, 110 
Catelectrotonus, 42 
Cathode, 4 
Cathodal action, 110 
Central gal van i zation, 118 

myelitis, 173 
Cerebral hemorrhage, 153 

vessels, action of electricity upon, 138 

vessels, reflex action upon, 138 
Cervico-brachial neuralgia, 249 
Cervico-occipital neuralgia, 246 
Choked di^k, 309 
Chorea magna, 297 

minor, 298 



Choroid, diseases of, 309 

case : chronic retino-choroiditis, 309 
Chronic meningitis, 154 

inflammation of joints, 830 
Ciniselli's simple element, 120 
Circular current of Bemak, 252 
Circuit of closure, 3 
Concussion of spinal cord, 171 
Conditions of mental depresaion and exal- 
tation, 157 
Colic, 257 

Coudacting wires, 14 
Conduction, resistance to^ 21 

variations in, 22 
Constancy of elements, 9 
Contact electricity, 2 
Contractions, diplegic, 92 

galvano tonic reflex, 93 
Contra-indications to use of eleotzicitj, 356 
Convulsible reaction, 89 
Convulsions, nature of, 259 
pathogenesis, 2G0 
electrical examination, 261 
methods of treatment, 267 
cases : facial spasm, 263 ; bilateral 
facial spasm (blepharospasni), 263 ; 
clonic spasm of facial muscles, 264 ; 
spasm of splcnius, 264 ; spasm of 
neck muscles, 204 ; rheumatic t<>rti- 
collis, 265 ; contracture of levator 
anguli scapula;, 265 ; nervous per- 
tussis, 2G5 ; singultus with weak- 
ness of arm, 205 ; spasm of recti 
abdominis and latissimi dorai, 265 ; 
tremor of right ami, 265 ; clonic 
spasm of lower limb, 206 ; hemi- 
plegic contracture, 266 ; rheumatic 
contracture, 266 ; contracture in 
compression-myelitis, 266 ; hysteri- 
cal contracture, 266 ; reflex con- 
tracture of quadratus lumbomm, 
266 
Convulsive tic, 270 
Cornea, ulcers of, 307 
Current, faradic, 2 
galvanic, 2 
density of, 27 
diffusion of, 28 
methods of localization of, 30 
electrolytic action of, 31 
mechanical action of, 32 
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Cnrrent, cataphoric action of, 82 

stimalating effects of, 105 

modifying effects of, 106 

catalytic effects of, 107 
Cutaneous angiospasm, 283 

angioparalysis, 283 

Dkgbnkration reaction, 74 
irritability of nerves in, 75 
irritability of muscles in, 76 
anatomical appearances of nerves in, 

79 
anatomical appearances of muscles in, 

80 
partial, 82 
occurrence of, 83 

importance of, with regard to progno- 
sis, 80 
double contraction in, 87 

Density of the current, 27 

Diabetes meUitus, 804 
insipidus, 805 

Diaphragm, paralysis of, 208 

Diminution of secondary irritability, 89 

Diphtheritic paralysis, 225 
symptomatology, 225 
electrical examination, 225 
cases : ataxia, 226 ; diphtheritic par- 
alysis, 227 
methods of treatment, 227 

Diplcgic contractions, 92 

Diseases of the brain, 187 

of the medulla oblongata, 154 

of the spinal oord, 160 

of the peripheral nerves, 180 

of the cervical sympathetic, 280 

of the organs of special sentte, 306 

of the organs of locomotion, 327 

of the glands, 332 

of the thoracic viscera, 333 

of the digOMiive apparatus, 336 

of the urinary and sexual organs, 345 

Dnbois-Reymond's law of irritation, 33 

Pysmenorrhcoa, 354 

Dyspepsia, nervous, 387 

K\R, electrical examination of, 65 

Ectropium, 307 

Electricity, contact, 2 

Electrical bath, 118 

Electrical carrents, reflex effects of, 112 



Electrical brush, 18 

moxa, 242 
Electrical irritability of motor nerves and 
muscles, increase of, 69 

irritability of motor nerves and muH- 
des, diminution of, 71 

irritability of sensory nerves, changes 
in, 93 

irritability of sensory nerves, hyperjes- 
thesia of, 03 

irritability of sensory nerves, anaesthe- 
sia of, 93 

irritability of optic nerve, changes in, 95 

irritability of acoustio nerve, changes 
in, 96 
Electrodes, 5, 15 

active, 38 

indifferent, 38 

for general faradisation, 1 16 

unpolarizable, 17 
Electrolysis, 31 
Electrolytes, 81 
Electrolytic effects, 56 
Electro-motor power, 3 
Electro-muscular sensibili^, 45 

sensibility examination of, 67 
Electro-therapeutics, electrotonic theoiy 
of, 104 

stimulation, theory of, 104 

catalytic theoiy of, 105 

polar method of, 113 

direction method of i 1 13 
Electrotonic action of current, 43 
Eleotrotonus, 42 
Elements, constancy of, 9 
Element numerator, U 
Endolaryngeal electrization, 223 
Endopharyngeal electrization, 223 
Enteralgia, 257 
Entropium, 307 
Enteropathy, nervous, 389 
Epilepsy, 294 

treatment of, 295 
Epileptic insanity. 158 

ohange, 294 
Essential cyanosis, 288 

redness, 283 

resistance of a chain, 25 
Examination, polar method of, 59 
External auditory canal, abnormal dryness 
of, 317 
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External skin, electro-physiology of, 53 
Extra- essential resistanoe, 25 
Extra current, 7 
Eye, electrical examination of, 64 

Facial nerve, paralysis of, 199 

spasm of, 270 
Faradio current, 2 
Faradization, general, 116 

local, 121 
Functional diseases of the cord, 171 

neuroses, 288 

Galvanic onrxent, 2 

taste, 49 

vertigo, 53 
Galvanization of the neck, 111 

of the sympathetic. 111 

general,* 117 

central, 118 
Galvanometer, 13 

Hirschmann^s, 13 
Galvano-cautery batterie!>, 26 
Galvono-tonic reflex contractions, 93 
Gall-bladder, effects of electricity upon, 
(raBtralgia, 256 
General faradization, 116 
Globus hystericus, 294 
Goitre, 333 
Gustatory nerves, neuroses of, 324 

Headache, 247 

Heart, nervous palpitation of, 3:^ 

weakness and irregularity of, 335 
Hemeralopia, 315 
Ilemiauopsia, 315 
Hernicrania, 247 
Herpes zoster, 285 
Hemorrhages into the brain, 153 

into the spinal cord, 172 
Hicconjrh, 271 
Hydrocephalus, 154 
Hydrops articulorum intermittens, 285 
Hyperidrosis, 280 
Hypcrkineses, professional, 295 
Hypochondriacal melancholia, 158 
Hyimchondriaais, 292 
Hypofflossal nerve, paralysis of, 204 
Hypopyon, 307 
Hysteria, 292 
Hysterical psychoses, 157 
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Hysterical paralysiB, 298 
ansQsthesia, 294 
oonvuMons, 294 
aphonia, 294 

iBiPOTBNCB, 852 

Incontinence of urine, 846 
Increase of secondary irritability, 89 
Indifferent electrode, 88, 59 
Indirect catalysis, 110 
Induction, electricity, 5 

apparatus, 5 
Infantile spinal paralysis, 175 
electrical examination, 175 
treatment, 176 
Insomnia, 153 
Interrupting handle, 17 
Intercostal neuralgia, 250 
Intestines, effects of electricity upon, 55 
ooclusion of, by stasis of fsecea, 339 
invag^ination of, 341 
atony and constipation, 841 
atony and constipation, cases : epilep- 
sy, severe constipation, 341 ; nervoiut 
headache, habitual constipation, 
341 ; gunshot wound of abdomen 
and spine, obstinate constipation, 
341 ; obstinate constipation after 
peritonitis, 342 ; habitual constipa- 
tion, 342 
Ions, 32 

Irritability of nerves, quantitative deter- 
mination of, 60 
with faradic current, 62 
with galvanic current, 63 
Ischuria, spasmodic, 346 

Joints, stiffness of, 332 

Katatonia, 157 
Keratitis, parenchymatous, 307 
neuro- paralytic, 307 

Labile action, 106 

Latent perio 1 of irritation in faradic stim- 
ulation of muscles, 91 
Lateral sclerosis, amyotrophic, 179 

descending, 179 
Law of contraction of nerves, 38 

qualitative changes in, 90 
Lead palsy, 228 
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Lead symptomatology, 228 

electro- diagnosis, 229 

treatment, 230 
Livor angio-nenroticiis, 283 
Local faradization, 121 
Lymphatic glands, enlargement of, 382 

Maonbto-blbctbical apparatus, 5 
Blale sexual organs, fonctionai disturb- 
anoes of, 850 

symptomatology, 351 

treatment, 852 
Melancholia, 158 
Meni^*s disease, 824 
Meningeal apoplexy, 171 
Menorrhagia, 854 
Metritis, 854 
Migraine, 247 

nature, 248 

treatment, 248 
Milk, deficient secretion of, 855 
MUUvcber, 13 

Modifying action of current, 42 
Monoarticular chronic articular rheuma- 
tism, 330 
Motor nerves, law of contraction of, 38 
Moxa, electrical, 242 
Multiple sclerosis, 154 
Muscles, law of contraction of, 40 
Muscles of mastication, paralysis of, 100 
Muscular atrophy, 231 

electro-diagnosis, 231 

treatment, 232 

cases : paralysis and atrophy of quad- 
riceps from gonitis, 232 ; traumatic 
hydrarthrosis of knee, atrophy of 
quadriceps, 232 
Muscular rheumatism, 827 
Ifyalgia, 327 
Mydriasii*, 198 
Myelitis, 173 
Myotonia congenita, 233 

Nkck, galvanization of, 111 

Negative }>ole, 4 

Nerves, different reaction of, to faradio 

and galvanic currents, 91 
Nervous asthma, 333 

Nervous deafness. 323 ' 

cases : deafness without demonstrable 
anatomical change, anomalous gal- ' 



yanic reaction, 828 ; deafness with 
anatomical change, torpor of acous- 
tic nerve, 824 
Nervous exhaustion, 290 
Neuralgia, 234 
nature, 285 
symptomatology, 286 
electrical examination, 286 
treatment, 240 

oases : intermittent supra-orbital neu- 
ralgia, 237 ; trigeminal neuralgia, 
238 ; occipital neuralgia, 238 ; neu- 
ralgia of median nerve, 238 ; neural- 
gia of radial nerve, 238 ; neuralgia 
of lesser intemjal cutaneous nerve, 
239; intercostal neuralgia, herpes 
zoster, 239; intercostal neuralgia, 
mastodynia, 239 ; sciatica, 239, 240 ; 
neuralgia of foot from' articular 
rheumatism, 240 
Neuralgia of lumbar plexus, 250 

of urinaiy and sexual organs, 252 
of joints, 252 

of pharynx and larynx, 254 
of cardiac nerves, 254 
of gastric nerves, 256 
of intestinal nerves, 257 
of pelvic nerves, 257 
Neuralgic change, 235 
Neurasthenia, 290 

symptomatology, 290 
treatment, 291 
Neuritis, optic, 310 

retrobulbar, 310 
Neuroses of gustatory nerves, 824 

of olfactory nerves, 325 
Nocturnal enuresis, 848 
Nystagmus, 315 

Ocular muscles, paralysis of, 196 
(Esophagus, effects of electricity upon, 55 

spasm and paralysis of, 336 

sensory neurosis of, 336 
Ohm's law, 19 

Olfactory nerves, neuroses of, 835 
Opacities of tympanonif 817 
Open chain, 3 

element, 3 
Optic nerve, law of ooatEaction of, 46 

atrophy of, 310 

primary, 312 
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Optic nerre, atrophy of, genuine, 313 i 

cases : atrophy of optic nerves, 313 ; i 
beginning atrophy of optic nerves, 
313 ; white atrophy of optic nerves, 
313, 314 

Optic neuritis, 310 

cases : optic neuritis and subacute dor- 
sal myelitis, 310; optic neuritis 
with transverse myelitis, 310; neu- 
ritis with atrophy of optic nerve, 311 

Orchitis, blenorrhoic and traumatic, 350 

Organs of locomotion, diseases of, 327 

Pain, nature of, 235 

Painful points of YaUeiz, 110, 236 

Palpitation of heart, 335 

PapUlitis, 309 

Papillo-retinitis, 309 

Paralysis, definition of, 187 

causes of, 187 

sequelae of, 187 

treatment of, 188] 

reflex stimulation in, 189 

electro-diagnosis of, 193 

occurrence of degenerative atrophy 
in, 194 
Paralysis agitans, 302 

after acute diseases, 228 

of deglutition, 219 

Bymptomatology, 219 

electro-diagnosis, 220 

treatment, 221 

cases : paresis of velum palati, 220 ; 
diphtheritic paralysis of velum pa- 
lati, tensor of choroid and sphincter ; 
of pupil, 220; diphtheritic paraly- 
sis, 220 

of facial nerve, 199 

forms of, 200 

treatment of, 202 

of hypoglossal nerve, 204 

of laryngeal muscles, 223 

of lower limbs, 214 

etiology, 215 

Bymptomatology, 215 

electro-diagnosis, 216 

treatment, 218 

cases : paresis of crural nerve, 216 ; 
paresis of sciatic nerve, hypertrophy 
of calf muscles, 21G; paralysis of 
peroneal nerve, 217 ; paralysis of 



peroneal nerve from oicatriiatiQD of 
bed-sore, 217 ; traumatic paialjiit 
of peroneal nerve, 217 

of muscles of maatioation^ 199 

of muscles of neck and tnmk, 206 

oases: paralysis of Berratos magnm, 
207 ; paralysis and atrophy of dia- 
phragm, 207 ; progressive muticalar 
atrophy (juvenile form), 207 

of ocular muscles, 196 

treatment, 198 

cases; rheumatic paralysis of abdn- 
oens, 197 ; paralysis of right oculo- 
motor nerve, 197 ; paralysis of trocb- 
learis and insuflScnency of rectoi 
intemus, 197; bilateral paresis of 
rectus intemus and rectus eztezna^ 
197 

of spinal accessory, 204 

of upper limbs, 208 

etiology, 209 

symptomatology, 209 

electro-diagnosia, 210 

treatment, 213 

cases : paralysis of musculo- cutane- 
ous nerve, 211; paralysis of me- 
dian and musculo-cutaneous nerves, 
211; paresis of ulnar nerve, 211; 
''crutch" paralysis of radial nerve, 
212; *' sleep" paralysis of radial 
nerve, 212; traumatic paralysis of 
radial nerve, 212; combined shoal- 
der-arm paralysis, 212, 213; tian- 
matic paralysis of radial, median, 
and ulnar nerves, 213 
Paralysis of vocal cords, 222 
Paralytic aphonia and dysphonia, 222 
Pathophobia, 292 
Periarthritic swellings, 332 
Periencephalitis, 154 
Peripheral nerves, diseases of, 180 

diseases of, available action of elec- 
tricity in, 180 

diseases of, methods of application in, 
184 

diseases of, cases : chronic neuritis of 
median nerve, 181 ; chronic neuritis 
nodosa of ulnar nerve, 181 ; neuritis 
of brachial plexus, combined shoul- 
der-arm paralysis, 181 ; paralysis of 
deltoid, 182 ; traumatic paralysis of 
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left arm, 183; paralysiB of righfcl 
radial nerye, 183; neuralgia of 
bnohial plexos, 183 ; neuralgia of 
alziar nerve, 183 ; right occipital 
and trigeminal neuralgia, 183 ; left 
sciatica, 183; right supraorbital 
neuralgia, 188 ; neuralgia of super- 
ficial branch of radial nerve, 183; 
trigeminal neuralgia, herpes labialis, 
183 ; retrobulbar optic neuritis, 184 ; 
white atrophy of optic nerve, 184 
Pflueger*8 law of contraction, 34 
Pharynx, effects of electricity upon, 55 
Pharyngeal and laryngeal electrode, 331 
Polarity changer, 11 

Brenner* s modification of, 13 
Polar method of examination, 59 
Polyarticular chronic articular rheuma- 
tism, 331 
Poles, means of recognition of, 18 
Portable batteries, 9 
Positive pole, 4 
Pressure points, 119 
Primary spiral, 6 

current, 6 
Professional hyperkineses, 395 
Progressive bulbar paralysis, 154 
facial hemiatrophy, 386 
muscular atrophy, 177 
Prolapsus ani, 343 
Prostate, inflammation and swelling of, 

850 
Pseudo-hypertrophy of muscles, 333 
Psychoses, 150 

methodfl of application in, 157 
contraindications of electricity in, 159 



Raii.way spine, 171 

Reaction of exhaustion, 89 

Rectal neuralgia, 358 

Reflex effects of electrical currents, 113 

Resistance to conduction, 31 

Respiratory paralysis, 334 

Retention of urine, spasmodic, 846 

Retina, law of contraction of, 46 

Retinitis pigmentosa, 309 

Retino-choroiditis, 309 

Retrobulbar neuritis. 310 

RheaiUt, 14 

Rheumalio tortioollis, 371 



Rheumatismus nodosuB, 831 
Rotation apparatus, 5 

SACROLUHBALE8, paralysis of, 308 

Sciatica, 351 

Scleroderma, 387 

Seoondary irritability, increase of, 89 

diminution of, 89 
Secondary spiral, 6 

Secretory nerves, electro-physiology of, 50 
Selector, 11 

Sensibility of skin, electrical examination 
of, 66 
electrode for examination of, 67 
Sensory nerves, law of contraction of, 44 
Serratua magnus, paralysis of, 308 
Sexual organs, male, diseases of, 350 

female, diseases of, 858 
Siemen's unit, 31 
Simple element, 8 
Singultus, 371 
Softening of brain, 154 
Spasm in distribution of facial nerve, 370 
of muscles of mastication, 369 
in distribution of spinal accessory, 270 
of respiratory muscles, 371 
of upper limbs, 373 
of lower limbs, 373 
Spastic spinal paralysis, 174 
Spermatorrhoea, 353 
Sphincter, paresis of, 843 
Spinal accessory nerve, paralysis of, 304 
Spinal cord, effects of electricity on, 54 
diseases of, actions of current in. I'JO 
electrical applications in, 167 
action of poles in, 168 
indirect electrical treatment of, 16S 
reflex irritation in treatment of, 169 
symptomatic treatment of, 109 
cases ; subacute spinal meningitis, 
161 ; chronic spinal meningitis (?), 
161 ; spinal concussion, 162 ; para- 
plegia (from aoute myelitis?), 103 ; 
traumatic paraplegia, 163 ; myelo- 
pathy (Ubet donalis ?), 163 ; Ubos 
dorsalis, 163, 164, 165 ; beginning 
tabes dorsalis (?), with atrophy of 
optic nerves, 163 ; affection of spinal 
cord (tabes?), 165; spastic spinal 
paralysis, 165 ; subacute anterior 
poliomyelitis, 165 ; ohnmic anterior 
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poliomjelitis, 166 ; pro^^ressive mna- 
cular atrophy, 166 
Spinal eord, conoossion of, 171 

hemorrhage into, 172 

traumatic lesions of, 172 

secondary degeneration of, 179 

meningitis, 170 

irritation, 172 

nenrasbhenia, 172 
Spleen, effects of electricity on, 55 

enlaigement of, 833 
Stiffness of joints, 332 
Stomach, effects of electricity on, 55 

atony and dilatation of, 338 
Sabacute and chronic anterior polio-myeli- 
tis, 177 
Snbaural galvanization. 111 
Sympathetic system, electro-physiology of, 
50 

galvanization of. 111 

irritation of, 281 

paralysis of, 281 

Tabes dorsalis, direct electrical treat- 
ment, 174 
symptomatic peripheral treatment, 174 
treatment of pressure and painful 

points, 174 
application of farad io brush, 174 
Taste, electrical examination of, 65 

paralysis of, 824 
Tenesmus vesicae, 346 
Tension series, 3 
Tetanus, 299 
Tetany, 300 

Testicles, atony and flaccidity of, 350 
Thoracic viscera, effects of electricity 

upon, 54 
Tinnitus anrium, 317 
electro-diagnosis, 318 
methods of treatment, 321 
cases; simple galvanic hyperaesthesia 
with tinnitus aurium, 3 1 8, 320 ; tin- 
nitus aurium after administration of 
quiDLQe, simple galvanic hyperaes- 
thesia, 319 ; impairment of hearing 



and tinnitus anriam ; bilateral hy- 
peraesthesia of aooostic nerve, paresis 
of abducens nerve, 819; tinnitosso- 
rium and impairment of hciitfing, 
simple hyperaesthesia of both acooB- 
tic nerves, 820 ; Chronic buzzing in 
head and tinnitna aurium with im- 
pairment of hearing, hyperssthesia 
with paradox formula, 820 ; impair- 
ment of hearing and tinnitus anri- 
am, hypersesthesia with reversal of 
normal formula, 321 ; impairment ol 
hearing and tinnitus aurium after 
oerebro-spinal meningitiB, 821 

Torticollis, 271 

Transverse myelitis, 173 

Toxic paralyses, 230 

Trachoma, 807 

Tremor, 801 

Trigeminal neuralgia, 245 

Trismus, 269 

Trousseau*8 apophyseal point, 236 

True hypertrophy of muscles, 233 

Unpolabizablb electrode, 17 

Urinary bladder, effects of electricity on, 

55 
Urinary organs, diseases of, 345 

Yalleix, painful points, 119, 236 
Vasomotor nerved, law of contraction of, 50 

anaesthesia, 278 

neuroses, 282 
Velum palati, effects of electricity on, 55 
Vertigo, 304 

galvanic, 53 
Vesical electrization, 55 
Virtual pole, 37 
Visceral neuralgias, 253 
Vitreous body, diseases of, 308 
Volta's alternatives, 35 
Vomiting, nervous, 336 

Wire bmsh, 18 
i Writer's spasm, 295 



LANE MEDICAL LIBRARY 



To avoid fine, this book should be returned on 
or before the date last stamped below. 



RPR2r30 



MAR 619)8 

MAR 2 1 1' )9f 



